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The pre-Taupo eruption (c. ad 130) forest of the Benneydale- 
Pureora district, central North Ishmdy New Zealand 

Beverley R. Clarkson% Bruce D. Clarkson" and Rigni N. Patel'" 



The composition and structure of three small areas of west Taupx) forest, blasted down 
and buried during the c. ad 130 Taupo tepbra eruption, are revealed by analysis of plant 
macroftiMfli, inchiding leaves, teeds nd wood. Data from these flnee sites and from 
the recently described Pureora buried forest were then used to interpret the fx-e -eruption 
vegetation along a 20 kilometre transect, from Pureora westward to Benneydale. All the 
stMdt WGie on flat or andiilating terrain and dnrnmaled by podocaips, ranging from 
rimu (Dacrydium cupressinum)-t&ne}uhi {Pkyllocladus trichomanoides) at Pureara to 
rimu at Benneydale. Broadleaved trees increased westward; on lower hillslopes in the 
Benneydale buried forest, northern rata (Metrosideros robusta) was an important canopy 
component. An amelioration of climate with decreasing altitude westward was indicated 
by a gradual change from prominence of horopito (Pseudowiniera colorata) at Pureora 
to P. axillaris at Benneydale, and the presence of rewarewa {Knightia excelsa) and 
Metrosideros perforata only at tiie Benneydale site. In ttie extant ftxests adjacent to the 
sites, the broadleaved tree species, tawa (Beilschmiedia tawa), kamahi (Weinmannia 
racemosa) and mahoe (MelUytus ranufiorus ssp. ramiflorus) are common, but these 
were not recorded in any buried forest Classiflcatioo and ordination techniqiiM were 
applied to data from three buried forest sites, approximately 10 km apart along the 
transect These arranged the plots and species in a spatial sequence from Pureora to 
Benneydale, and alio reflect a gradtent frm very poor Id con^Mratively better drainage. 
Tlie volcanic succession hypothesis of McKelvey (1963, 1986) is discussed in light of 
tfie macrofossil data. Our evidence suggests that broadleaved, notably tawa, forest is 
not die en<^int of die foceat sooocearion on flat to mkhdating sites, and tluit forests 
may not converge to the extent suggested by McKelvey. We postulate that, under the 
preaent dimale regime, and in the absence of volcanic eniptions and logging, the 
podocaqtqiecieswidcfa were widespread in die buried fORftiwiD eventually dcmdnalB 
terrain of gcode relief in Ibe Pueora-Benoeydak diatikt 

Keywonk: buried fiHtst, plant macnfat^ Taupo pumice, Dwzyi&un cupnssinDnv Phyllocladus ItidioinaBaidei; 
MetrasHkras rataist^ miBocaiheiidatlHg, wa fc a w fc s uee tMiion kype i t eris 

INTRODUCTION 

Maaofossils pieserved amoag the remains oS forest near Poieoca which was ovemdielnied 

and buried during the c. ad 130 (Froggatt. 1981) Taupo enq)tion described by Gaikson, 
Patel and Clarlcson (1988). We also made additional studies of three other buried forests in 
the district Our aim was to determine the pre-Taupo forest pattern over a wider area, and to 
use these data to further refine hypotheses presented in our earlier paper. We also appreciated 
the ofipoitunity to examhie the compotidon of foiests pie-daling humans and hitrodnced 
animab. 
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Rg. 1 • Mipdiowiiig BeuMydaia, TodDsr, Thoaiai, and Plmon butied tonet tocalioM. Bcondjidab 
district (ami within 7 km of B«one)Nlale bated fonit lite) ii npnaenled by tfie drcte. 



STUDY AREAS 

We sampled plant maCTofossils frcMn three buried forest sites which, together with the 
already-described Pureora site, were located along a 20 km transect from Pureora westward 
toBenneydaleCng. 1). llie study began in August 1986 and was otmoenlrated at Benn^ 
wfaere the most extensive and best preserved forest was found. 

The Benneydale buried forest was discovered during ditch digging ov^ 40 years ago and 
in 1985 was placed under an open space covenant with the Queen Elizabeth U National Trust, 
protecting the site for scientific investigation. ApreUminafy study ci die leaves and wood in 
the eaily 19S0s by Mr AE. Beveridge indicated die w^-pieseived remains of a podocaip 
fcMTest dcHninated by rimu (Dacrydium cupressinum); five wood samples from logs exposed 
in the ditches were identified as Nestegis sp., rimu, Metrosideros sp., totara {Podocarpus 
totara) and Vahilmtfa (Dacrycarpus dacrydioides) (Pldlar and Palei, 1972). 

The site is 1 .9 ha in area and situated adjacent to Ohirea Road, 1 km north of Bemieydale 
township, at 350 m a.s.l. (Fig. 2). It occupies a small saddle between rolling hills, on terrain 
which is mainly flat but rising gently in the south-west comer. Present vegetation comprises 
pasture grasses witti rushes (mainly Juncus effusus) in die central portions where drainage is 
impcAed, and scattered manuka (Leptospermum scoparium) and blackberry (Rubus fruticosus 
agg.) along parts of the ditches and fenceline. The yellow brown pumice soil is about 15 cm 
thick and overlies c. 1.2 m ctf Taupo pumice flow tq)hra cc»nprising a c. 0.6-0.9 m lower 
layer <tfTaupo pumice and a c. 0.6in upper layer of ptmiioe aDuvium derived Cram die tephra 
(PuUar and Fatel, 1972). Hie buried forest soil was found immrdiafHy beneath die pumice 
with litter and abundant fibrous roots in the upper horizons and a gleyed lower uB horizon 
(Pullar and Patel, 1972). At least 200 cm of older weathered unidentified ash lies between the 
old soil and the country rock, mudstones and sandstones of the Miocene Mohakatino Group 
(Hay, 1967). Hie mean annual tenqjerahireia die site is c. 12.5^ (New Zealand Meteondogical 
Service, 1985) and the mean annual rainfall, calculated from a simple a gression equation 
based on data from three nearby climatological stations located approximately parallel lo the 
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Fig. 2 - View, looking northwards, of Benneydale buried forest site showing ditches. Ohirca Road is in 
the background. 



transect (New Zealand Meteorological Service, 1973) is c. 1681 mm. Remnants of indigenous 
forest close to the site include 'Murcott's Bush' (also covenanted with Queen Elizabeth II 
National Trust; 8 ha), Herekawe (234 ha) and Mangapchi (46 ha) Scenic Reserves, Mangapehi 
and Raepahu State Forests, and numerous scattered unprotected patches. 

'Tocker buried forest' was discovered under 3-4 m of Taupo pumice alluvium during 
culvert construction in 1985, at a flat site 4 km north-east of the Benneydale site, at 396 m 
altitude. The extant vegetation is mainly exotic pasture grasses with scattered patches of 
indigenous scrub and forest. Preservation of macrofossils at this site was generally poor due 
to oxidaticHi resulting from exposure. 

'Thomas buried forest' was found beneath c. 4 m of Taupo pumice alluvium during recent 
dam construction on a small stream, 457 m altitude, approximately halfway between the 
Benneydale and Pureora buried forests. Surrounding vegetation was mainly pasture, with 
some indigenous scrub Uning the banks of the upper Waimiha Stream and tributaries. 

All three sites supported similar vegetation around 1912, before clearance for farming (J. 
Murcott, pers. c(xnm. 1989). On the flats where the pumice was deep and unconsolidated, 
manuka was draninant, growing with monoao {Dracophyllum subulatum), and occasional 
cabbage tree (Cordyline australis), with kanuka (Kunzea ericoides) along stream banks. 
Away from the flats on the lower hillslopes, tree ferns e.g. Cyathea smithii, then kamahi 
{Weinmannia racemosa) became prominent, giving way, on the mid slopes, to mostly tawa 
(Beilschmiedia tawa) dominated forest overtopped by the podocarps rimu, matai (Prumnopitys 
taxifolia) and totara. Rewarewa (Knightia excelsa) was also common in places. At the 
Benneydale buried forest site the surrounding undulating country and slopes down to the 



64 Journal of the Royal Society of New Zealand, Volume 22, 1992 



stream terrace had emergents of (in order) rimo, lotara, matai and miro (Prumnopitys 
ferruginea) scattered ov^ a mainly tawa canopy (piobably type M8; rimu/tawa focest q£ 
McKelvey (1963)). 

Along tbe 20 km transect, from Pureora to Beniieydale,aMtude decreases 
amaal temperature increases by c. 2.2°C and annual rainfall decreases by c. 148 mm. 
Pureora, the most inland and climatically severe location, displays some continentality in its 
temperature ranges; extremes of 30°C and •9°C have been recorded (Hessell, 1986). Although 
thick at all riles, die overlying pumice diins out westward; strmgly podzolised yellow-brown 
pumice soils (Tihoi series) are characteristic around Pureoia, and moderately podzolised 
yellow-brown pumice soils on yellow-brown loams (Ngaroma series) at Benneydale (Rijkse 
and Wilde, 1976). The umnodified indigenous vegetation along the transect from east to west 
langes from dense mixed podocarp ftxest (type LI) dominaied by maiai and rimu, to 
podocarp/tawa forest (type M2) to rimn/tawa foiest (type M8) to rimii/tawaAiOflbem lata 
forest (type Dl) (NicKeivey, 1963). 

METHODS 

Tbe litter sampling prooedme followed CSaikson et d. (1988) except that the sampling 

interval was halved to S m because of the small site areas and the rejection of numerous 
samples with poorly-preserved litter. Leaf litter cover scores of 1 to 7 were allocated for each 
q)ecies, and species lists were compiled for all sites. Of the 79 Benneydale samples collected 
wbA sorted, 51 had litier sulliciently preserved for analysis; simitaily, only two Tbomas 
samples out of six collected from Tocker and Thomas buried forests were suitable. 
Classification and ordination analyses using the programmes TWINS PAN and DECOR AN A 
(Hill, 1979a, 1979b), were carried out aa first, the Benneydale data, and second, the combined 
Pmeoca (Oailcson et al., 1988). Hiomas and Benneydale data, to help identify trends in 
fkxisdc ocmposidon. 

Thirty wood samples from Benneydale were obtained from the ditches and identified in 
the manner described in Clarkson et cd. (1988). No wood was collected from the other two 
sites, becaose none was accessible and weU-preserved. In addkioD,abom 200 seeds, indhiding 
fruit, of toro (Myrsine salicina) from the Benneydale samples were submitted lo the Institute 
of Nuclear Sciences, DSIR, Lower Hutt, for radiocarbon dating to obtain a Twpo enq>tion 
date using material that pre-dated the event by less than one year. 

An attempt was made to try 10 detect possible signs of iBoa iKowsiQg and other faMBgeDoas 
animal (including insect) damage on die maox^Dssfl leaves and twigs. 

RESULTS 

Benneydale, Tocker and Thomas buried forests 

Twenty-nine vascular species, C(]fiq>rising 19 trees and shrubs, four lianes, six ferns and 
one sedge, were identified from the Benneydale leaves, seeds and wood (Table 1; Fig. 3). 
Qeven snd ten q)ecies, respectively, were identified from the leaves collected at Tocker and 
nnmas buried forests, which hidude two fesns (Uptopteris superba, Bkchmm sp. (B. 
capense agg., lower pinnae reduced)) and one shrub (horopito, Pseudowintera colorata) 
additional to the Benneydale list Six tree species, rimu, northern rata {Metrosideros robusta), 
nanow-leaved maire (Nestegis montana), tanekaha (Phyllocladus trichomanoides), miro, 
and maiai, were recorded at all three sites. 

Eight species were identified from the Benneydale wood samples (Table 2A), of which 
rimu (53% occurrence), miro (13%), and northern rata (10%) were the three most abundant. 
A single Libocedrus bg was recovered but it could not be confidently ascribed to either 
](aikawaka(L M(AwOIOorlcawalm(Lp^^ 

with kaikawaka. Analysis of the leaf litter cover of the ten species recorded in more than 20 
samples at Benneydale (Table 2B) showed that rimu, Metrosideros diffusa, miro, northon 
rata, aown fern (Blechnum discolor) and toro (Mysine salicina) were represented in moK 



Copyrighted material 



Clarkson et al. - Ancient forest of Bennydale-Pureora district 65 




Fig. 3 - Examples of plant macrofossils recovered from Benneydale buried forest. A. Northern rata 
{Metrosideros robusta); B. Rewarewa (Knightia excelsa); C. Rubus australis; D. Uncinia sp. zotovul; 
E. Seeds - mainly matai (Prumnopitys taxifolia) and miro (P. ferruginea) 
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Table 1 - List of species £rain Boineydale, Tocker and Thomas buried forests ablated Crom 
leoovoed leaves, seeds and wood 



Vaicalar qpedes Benneydalc Tocker Thomas 

leaves leaves 







Seeds 


Wood 


Ovcndl 






Blechnum diseohr 


c 






c 




r 


B. sp. (B. capense agg. common 














sp. lower pinnae reduced) 










r 




Ctenopteris heterophyUa 


r 






r 






Cyathea smithii 


0 






o 






Dacrycarpus dacryeUoides 


0 


0 




0 






Dacry^wH et^ressiiuan 






a 








Dicksonia squarrosa 


o 


o 










DracophyUum sp. (subulatum?) 


T 






r 




r 


Elaeocarptu detuatus 




t 




7 






E. hookerianus 


r 


r 




r 


r 




HymenophyUum denussum 


r 






r 






lOtightia excdsa 


o 


o2 


r 


0 






Leptopteris superba 












o 


Libocedrus sp. 






r 


r 






Metrosideros diffusa 


c 


c2 




c 


r 




M. Julgens 


r 






r 






M. perforata 


o 






0 






M. nanism 


a 


c2 


0 


c 


r 


r 


Mynine saUcina 


c 


ft 




c 






Neomyrtus pedunculata 


r 




X 








Nestegis cunrunghamii 


r 


0 


o3 


r 






ft. Umceotata 


r 


o 


o3 


r 


r 




N. montana 


0 


0 


o3 


0 


0 


r 


PhyUodadus trichomanoides 


ol 




r 


o 


c 


c 


Podocarpus totara 


r 




o4 


r 


r 




Prumnopitys famigUiea 


c 


c* 


o 


c 


0 


o 


P. tax^oUa 


o 


o* 




r 


r 


r 


Pseudowintera axiUarit 


c 


0 




c 


7 


7 


P. colorata 












c 


Rubus australis 


o 






0 






Uncinia sp. (zptovii?) 


o 


r 




o 






UnideadfiMifem 


r 






r 






Tom 








29 


11 


10 



♦ Hoodreds of mainly maUd and miro seeds were uncovered at one site but have not been included in 

the seed abundance ratings 

Key: a = abundant; c = common; o = occasional; r « rare 

1 s phyUodades; 2 « c^isules; 3 «ideBlificd to fomttody; 4« kfentifiedaiP(0dbcwpia Ao^^ 
totara 



tban 80% of the samples. Tbese tea species collectively aooounted for 85% of the total leaf 
liner coven rimn, mdieni laia, crown feni and toro leoofded 21%, 11%, 9% and 9% 
fcspectively. 

A profile ^agfam was derived firani tiller and log data from fioor oonsecolive saiiiple sites 

in the south-western ditdi at the Benneydale site (Hg. 4), in a manner similar to diat 
described in Clarkson et al. (1988). This typifies the forest composition and structure on the 
gently rising south-west hill slopes; noitheni rata becomes less frequent ntmhwards on the 
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0 10 20 30 40 

m 



Hg. 4 - Pkofile of forest derived from litter and log data from four consecutive ditch sites located in the 
soutfi-west comer of Benneydale buried forest site Approximate area is 600 m^. Bd = Blechnum 
discolor, Dc = Dacrydium cupressinum; Ds = Dicksonia squarrosa; Ke = Knightia excelsa; Md = 
Metnuideros d^Bfiuoi Mr s Metrosidews robusta, Ms = ifyrsine sdicina; Ml « Nestegis lanceolata; 
Hm a Nategis montana; Pa « PMuthwintem ajdUarir, Pf « Prmuk^UyifaFnigimai Ft « PhyUocUub u 
trichomanoides 



Table 2A - Occurrence of tree species 
deiamiDed fiom wood sanqiies; Baneyda^ 
buied forest 



Species 


Total 


PHoent 




occunence 


oocunenoe 


rimn 


16 


53 


miro 


4 


13 


northern rata 


3 


10 


Nestegis sp. 


2 


7 


to tar a 


2 


7 


Uuieluha 


1 


3 


libocedhir q>. 


1 


3 


nwarewa 


1 


3 




30 


100 



Table 2B - Leaf litter frequency and relative 
cover of spcdes lecofded in moie ttaan 20 
samples; Bemieydalebaiiedfbiest 



SpedM Frequency Average Percent 

cover som* cover 



rimu 


51 


3.1 


21 


Metrosidews diffusa 


50 


1.2 


8 


miro 


49 


1.1 


7 


noitheni rata 


44 


2.0 


11 


crown fem 


43 


1.5 


9 


toro 


41 


1.7 


9 




34 


1.2 


5 


PseudowinUra axUIaris 27 


1.7 


6 


rewarewa 


27 


1.3 


5 


tanekaha 


24 


1.4 




N»51 






85 



sum of cover scowa 

* Average cover scoie » 
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flatter temdii. The caix^y at c. 30 m was dominated by rimu and northeni rata, whose log 
diameters ranged from about 30 cm to more than 1 m. Other canopy species included 
occasional tanekaha, miro, kahikate^^, totara, nanow-leaved maire, white maire {Nestegis 
kmceolata). Made maiie (ff. cunmnghamii), lewaiewa and Ubocedrus sp. Toio and miro 
probably dominated the snbcanopy, and Pseudowintera axUlaris, vAidd (Didacmia squanosa), 
Cyathea smithii and Neomyrtus pedunculata, the shrub layer. The most common ground 
cover was crown fern; only two other ground cover species, Uncima sp. (zotovWi) and 
HymenophyUum denussum (also qn^riiytic), weie identified. Lianes piesent were Metrosideros 
diffusa, M. perforata, M. ftilgens and Rubus austraUs. 

Radiocarbon dating of the toro seeds gave a figue oi 1795 ± 35 yr bp Qladiocaftxm 
Number 11408. Libby Tl/2 (5568 yr)). 

Hiere was no conclusive evidence (^browsing of leaves and twigs by moas; the macrofossils 
wete extremdy brittle and few leaves were recovered whole. Damage caused by browsing 
insects, however, was pcevalent For example, small holes in Metrosideros diffusa leaves 
resemble damage caused by present day adult Neomycta rubida weevils, and altered leaf 
margins of Pseudowintera spp. suggest the presence of lepidopterous larvae or coleopteran 
adnlts (J. A. Hmcheson, pers. oonm., 1991). 

The classifications and ordinations of the Benneydale site data mdicated a relatively 
uniform forest with minor variation reflected by the distribution and abundance of the two 
dominant species, rimu and ncnibem rata. This variation mainly accords with the slight 
variaticn in l()|X)grapby, since ncflben rata increases in abon 

to the south-west. The relationship between the two groups delimited by the plot classification 
and the d(xninant species at each sample is depicted on the sample ordination (Rg. 5). (jroup 
1 OHnprises plots dominated by, or with a high component of, northern rata, and have a low 
scene oo Axte 1, wbeieas (jroup 2 plots aie dominaiBd by rimu and have a high socxe on 
Axisl. 

Cbisiflcation and ordination; Benneydale, ThMnas and Pureoni baried forests 

Chwsilication of the combined Benneydale, Thomas and Pnreora plots at Levd 2 delimited 
foureodogically recognisable groups (Table 3: Atkinson, 1985) arranged in a spatial sequence 
from Pureora to Benneydale. Group 1, Rimu-tanekaha//45f£//a grandis lussockland ccMniMised 
eight Pureora {dots and was similar to the group with the same name produced by the Pureora 
buried finest dassiflcation (Clailaon et at., 1988). It represenied poorly-diained tnssoddands 
of Astelia grandis and Gahnia xanthocarpa, with scatteied smaU-stemmed rimu, tanekaha 
and kahikatea to the south of the site. Group 2, Rimu-tanekaha fwest, was made up of 44 
pkMs with high components of rimu and tanekaha. Other typical species were matai, miro, 
kahiiratfat, narrow-leaved maire, toro, horopito, Neomyrtus padwtculata, Metrosideros d^usa 
and crown fern. E>raiiiage was probaUy impeded in ]AMes because of die occasional i»esence 
of mire species such as G. xanthocarpa and, to a lesser extent, bog pine (Halocarpus 
bidwillii) and A grandis. This large group consisted of 40 Pureora, two Thomas, and two 
Benneydale plots. Group 3, Rimu fewest, was made up of 28 Benneydale plots dmninated by 
rinm, with otber qjedes indudfaig miro, rewarewa, toio^ PseiuhwUOera axtOaris, M. ^^ffu^ 
and crown fern. Twenty-one plots co-dcminated by rimu and northern rata from the better- 
drained south-west slopes of Benneydale formed Group 4, Rimu-northemratafcvest. Typical 
i^sodates were miro, toro, P. axillaris, M. diffusa and crown fern. 
' Tlie species classiflcatkMiesulted to five groups (TM)ie 3) which fiwned a gwdato 
species typical of poorly-drained sites, e.g., G. xanthocarpa, A gnanUs, to tfiose found in 
bett^-drained sites, e.g., northern rata, rewarewa. Ordination techniques also arranged the 
jriots and species in a sequence from tussockland to forest, following drainage and climatic 
gradients. Both oooeqxmd with a geographical sequence fam Pumora to Benneydale 
r^ecting an amelicvation of clinuMe firom the high centre towards the pei^ihefy of the 
volcaoic plateau (see above on Study areas for details). 
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Axis 1 

Bg. S - A two-dimensional plot ordination of the fint two axes of a DCA ordination combined with the 
two groups defined by Level 1 of a TWINSPAN nonnal (plot) dasrification, Bcaneydale buried forest 
A symbol representing the dominant at each plot has been ovcdaid. 



Comfwrifon between Benneydak buried forest and present day Uxt$t 

Ideally, past/[H^ent forest comparisons shotild involve adjacent sites on similar terrain (as 
in the Pureora bmied forest/Pikiariki Ecological Area comparison; Clarkson et al. 1988). 
UofcMtiiiiately, little native vegetation remains on flat to gently imdulating land close to tbe 
BenneydakbiKfed forest site. Tlie nearest femnam is Minoott'sB IXaboutlOOm 
south-west, but the terrain there is moderately steep, witli only mincn- gentle lower hillslope 
similar to that of the buried forest. However, the forest throughout Murcott's Bush is 
relatively uniform and is similar to fwest that existed on adjacent undulating land before 
deamnoe early this century (see STUDY AREAS) Jt is ccmpared widi that of the Be^^ 
bmied forest in Table 4. 

Murcott's Bush was, along with other unprotected remnants in the Benneydale district, 
logged for podocaips, mainly rimu, before 1945 (as deduced from aerial photographs). 
Btfore logging it had a scatlned overstorey of rimu (averaging 10 po^ ha, type M8, rimii/ 
tawa forest; McKelvey, 1963) and a dense lower tier dominated by tawa {Beilschmiedia 
tawa), with occasional rewarewa, hinau (Elaeocarpus dentatus) and kamahi {Weinmannia 
racemosa). The Benneydale buried forest was a dense podocaip forest, perh^ tip to 125 
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Table 3 - Classification of samples and species; Benneydale, Thomas and Piueoia buried 
forests. Group cover values for each spcdes have beeo averaged as a relative index for cover 
abundflDoe 



Speciet 


CUiMificatory saED(de ^aps* 




Species 












group 




1 


2 


3 


4 






03 


0.1 








Astdiu gnuidit 


23 


0.2 








FnycinetbtbouerkuMup. 












banksii 


0.8 


0.1 






A 


Coorosma to. (Vi 


0.1 


+ 








Gtikniaxaiidu>caij)a 


1.1 


OS 








Neomyrtus pedunculaUi 


0.1 


0.7 








Eleaocarpus hookeruutiu 




0.2 


4- 






Prumnopitys taxifolia 


03 


IjO 


0.1 


0.1 




PMtiidoDtmiBC anomalus 




0.1 












1^ 






B 






0^ 












01 








Ph\jlt/t/*t/i/fur ft I'j liJUitJiiiJlti'£M 

rnyiiuctcuius iruznonrntnomMmm 






07 


0 6 

v/.V/ 






06 


06 


0.4 


0.1 


c 






0 1 


0 1 








0 1 


0^ 


04 








1 8 


Oil 


1 0 


06 






*.o 




49 


2.8 






0 1 


09 


13 


1 0 




myrsinc joitano 








1 4 


n 




09 






1.0 




DlcCnflUm oiscoior 


03 


0.9 


1.6 


l/.O 






03 


03 


1.0 


28 




Dicksonia squarrosa 




0.1 


03 


0.2 




Rubus australis 


0.4 


0.1 


0.2 


0.2 




Nestegis cunninghamii 






+ 


03 




Nestegis lanceolata 






0.1 


03 




MetrmMtrotfidgtm 








0.1 


B 


Hymenophyllum demksim 




0.1 


0.2 


0.1 




Uncinia lotovii 


0.1 


0.1 


0.4 


0.1 




MetrosUeros perforata 




+ 


0.4 


0.2 




Pseudawintera oxiBarii 






1.2 


0.7 




Knightia excelsa 




♦ 


0^ 


0.5 




Ctenopteris heterophylla 






0.1 






Number of lamplet 


8 


44 


28 


21 





* SaiqAe group mmn 

Group 1: Rimu-tanekaha/AjligBo^mwfe tuwodrhnrt 
Qtaup 2: Rimu-tanekaha foiett 
Groop 3: Rfann ftxeit 

Group 4: Rimu- northern rata forest 



stems per ha, dominated by rimu, with frequent miro (equivalent to type LI of McKelvey, 
1963), but also comprising locally frequent northern rata. 
Eight of llie lea leading doadnant species in KAucott's Bmii, Le., nwa, Icamaiii, malioe 

(Melicytus ramiflorus ssp. ramiflorus), Rhabdotiwmtm solandri, Bkchnum duunbersU, 
Leptopteris hymenophylloides, Pneumatopteris pennigera and supplejack (Ripogonum 
scandens), were not receded in the buried forest These species are also relatively ccnnmon 
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Tahlff d - rnw^nmrisnai nf U»a<ling dnminflnt qiecifift in Bennftydale huried forest and Mmcott's 
Bush 



Fomttlayor 


Benneydale buried fixest 


Moroott'i Bush 




(C AD 130) 


(ad 1986) 


Canopy 


rimu 


tawa* 




nnthern rata 


rewarewa 




mifo 


|HH|H 

kamahi* 
(rimu) 


Sobcanopy 


toro 


mahoe* 




mjiD 


tawa* 


Sbnib 


Pteudowimera axillaris 
when 


Rhabdothamnus solandH* 


Gromd 


crown fen 


Blechnum chambersii* 






Leptopteris hymenophylloides* 
Pnewnatopteris pennigera* 






UanB 


Metrosideros diffusa 


supplejack* 



MB Species are ranked in order of cover abundance for each layer (Le. tawa moit dnmdant in Mnfcott* s 

Bush canopy, rewarewa second most abundant etc.). The buried forest rankingl were bafcd on litter and 
log data« whereas MurcoU's Bush rankings were from cover estimates. 
* Not leoordBd in Beuieydak bated IbmL 
( ) Now moa^ loggMl 



inodierooittranporary forest rannanls in die Beiineydafedbtrkt,e.;.He^^ 
Scenic Reserves. In contrast, all eight dominant buried forest spedes listed in Table 4 are 
nowadays found within the Benneydale district, although toro is generally found at altitudes 
higher ttian the buried forest site. 

The cioflcst forest on flat id wndnhring tenain is on private land, 4 km south- west of the 
Bean^dale Imiied forest niere, befixe logging, scattered large northern mta, itaiu and 
matai wCTe emergent over a dense tawa canopy (type Dl, rimu/tawa/northem rata forest of 
McKelvey, 1963; from National Forest Survey database). But again, this fcxest had abundant 
tawa, mahoe and kamalii, phis all other Morcott's Bush spedes Hsled in Table 4, so was 
dissimilar in composition to the Benneydale buried forest. 

Of the 29 species recorded in the Benneydale buried forest, Libocedrus sp,. and perhaps 
fanekflha are not found nearby today. Tanekaha grows in Pureora Conservation Paik. c. 15 
km north-east of the site (from National Forest Survey database), and maybe doier. The 
nearest reooid of kaUonvaiai is 36 km south-east hi Whenuakura Eook)gical Area, whereas 
that of kawaka is probably near Kawhia Harbour, c. 60 km north-west. 

An edaphic LI subtype, matai/miro/totara-dominant dense mixed podocaip forest, is 
described by McKelvey (1963) for the wider west Taupo area. Hds subtype repieaeols exttnt 
forest whkdi grows mainly on aUuvial flats and easy lecnin widi (hick pumice de|K« 
in scattered patches along riverflals around Benneydale. However, atthougb this oootemfNinry 
type is found on terrain similar to that of the Benneydale buried forest, it differs in composition; 
it is dominated by matai, with frequent to co-dominant miro and lotaca, and only occasional 
timn. dher common, trees indnde NesUgis spp., pokaka {Elaeocarpiis hookerkmus), toro. 
Fuchsia excorticata^ kamahi, putaputaweta (Catjwdetus serratus) and mahoe (Melicytus 
ramiflorus asp. ram^rus); the four last-mentioned species were not recorded in the buried 
forest 

Comparison between Benneydale, Tocker, ThomM and Pureora buried forests 
ILe four sites sampled aU formerly sivporled dense podocarp forest doininaled by 
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but we disdnguish trends in species abundance along the 20 km transect Tanekaha and 

matai, the second and third dominant respectively in the easternmost, Pureora, buried forest 
(Clarkson et al., 1988), declined in abundance westward to the Benneydale site. On the other 
band, northern rata, rare in the Pureora buried forest, became commoner towards Benneydale, 
and attained second dominance tfieie. Hoiopiio {Psewkmbuera colorata) was die main 
shrub in Pureora and Thomas buried forests, whereas at Benneydale it was Pseudowintera 
axillaris. Miro remained relatively common at all four sites, Toro was prominent at both ends 
of tbe transect, ^ut not recorded at either the Tocker or Thomas sites. This absence, and those 
of odier qiecies at tlie two middle sites, may merely be a ftmctkm oi Hit smaller aieas 
sampled Acre. Trends in shrub, giound layer and liane species were probably maslced by 
their poorer Iitter:live matter correlation (see Clarkson et al^ 1988), but aown fiem and 
Metrosideros d{ffusa were generally common throughout. 

Comparison between tbe buried forests at die two extremes of die transect revealed 
sipdficatt differences in species composition. Six species, Oenopteris heten^ylla, monoao, 
ww aw wa , Metrosideros fulgens, M. perforata and black maire were recorded only at 
Benneydale, whereas 16 species woe receded only at Pureora. At least dght of these 
species, e.g., Astelia grandis, Gahnia xcmtiwmpa, and bog pine were assodated widi mire 
patches concentnied at die soodiem end of die Pureora site; diere were no dmilar paic^ 
Benneydale. 

Tocker buried forest was very similar in coa4)Osition to tlie Benneydale buried forest, but 
Hiomas, widi its high abundance of boroptto and Lepu>pteris superba, was more closely 
allied to Pureora. This was borne out by tik results of die sample classification (Table 3). 

All four buried forests lacked the broadleaved species tawa, kamahi, and mahoe, which 
are ccxnmon trees in the central Noith Island today. Also, few of die shrub and ground layer 
species typical of present day forests adjacent to die sites were reooided in any of die taried 
forests. 

DISCUSSION 

Differences in species compositicMi and abundance in die Benneydale and Pure(»:a buried 
forests are probably due to differences in cBmale and soils. Spectes dud require reladvdy 
wann climates, e.g., rewarewa and Metrosideros perforata, were recorded at Benneydale, but 
not at the higher-altitude, more inland Pureora site. Pseudowintera axillaris and boropito, the 
dominant siirubs at Benneydale and Purecna respectively, are usually separated altitudinally 
in die omtni North Island at present; P. axjUarjf is found at die lower altitudes. Hie higher 
species number recorded at Pureora is mainly the result of a greater habitat range allowed by 
the interspersed herbaceous and slirub mire paldies, and also tiie larger area ttuu was sampled 
there dim at Benneydale. 

The buried forests represent only aOuvial flat, gentle unduladon, lower hOblope, or 
poorly-drained variants crfT the regional forests that were present before die Taapo eruption. 
As such they can be compared direcdy only with forests which grow on similar terrain, i.e. 
the edaptiic subtype of tbe dense mixed podocarp type LI, niatai-miro-totara-dc»ninant dense 
nrixed podocaips, and some ilma/tawa (MS) and ffmn/tawa/taocdiem rata (Dl) types (of 
McKelvey, 1963). There are significant (ttfferences in composition and alMindance between 
then and now, most notably in the greater abundance in the buried forests of rimu and 
tanflfaha, Uie i»esence of Libocedrus, and die absence of tawa, kamahi and mahoe. Tlie 
ecological diaracteristics of die buried forest species suggest tint ttiepre-Taqm soils we^ 
low fertility, whereas die abundance of tawa and mahoe on conienqx»ary lopograhically* 
equivalent sites indicates higher levels of fertility (see Clarkson et al., 1988). 

Although die absence of tawa, mahoe and iuunahi from all buried forests may be parUy 
farplainrd by pre-Taupo/post-Taupo d iffer e n c es hi soils, dw four shes were topographically 
similar; an were flat or genUy undulating. These sites would have probd^ fiwoued 
podocarps over broadleaved species irrespective of die neighbourhood seed source. Thus 
iniasing' spede& may well iiave been growing on better-drained, more fertile hills or 
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hillslopes in the vkinity. No lawa seeds, which are large and biid-diapersed, were found in 

the buried forests, although tawa fruit crops fluctuate considerably frxxn year to year (Knowlet 
and Beveridge, 1982). On the other hand, hinau seeds, also large and bird dispersed, were 
recorded in both Benneydale and Pureora buried forests, yet the species was unrepresented in 
the litter and wood 

To supplement the macrofossil data, particulaiiy with respect to 'misiing* species, pollen 
diagrams, representing the vegetation of large areas, were constructed from cores taken at the 
Pureora and Benneydale sites. These revealed no Beilschmiedia, Melicytus or Weinmannia 
pollen in layers dating fitom immedialdy befoie the Taupo erapdcn ^ S. McGlone, 
unpublished data). Tawa and, to a lesser extent, mahoe pollen, however, are severely 
underrepresented in mockm pollen rain, but kamahi is generally well-represented (Bussell, 
1988). Therefore, white it can be assumed that iuunahi was probably absent from the buried 
fofest vicinity, the same cannot be said about tawa and mahoe, aMiough tbeae species aie 
ccwiaiderabiy more abundant now. 

The presence of a single Libocedrus log in Benneydale buried foiest supports the suggestion 
of Claikson et al. (1988) tbatUbocednts had declined in abundance since a peak in the early 
post-glacial period (see also McGlone and Topping, 1977) and became locally extinct as a 
lesnlt cmT die Taupo eruption. 

The stages of developnent of seeds and/or fruit recovered from the Benneydale buried 
forest were similar to those from the Pureora buried forest, thus supporting the estimated 
(Clarkson et al^ 1988) Taupo eruption time of lale summer. The radiocarbon date of 1795 ± 
55 yt w was one of 41 used lo calcutalB a mean ndlocafton age for the Taupo Tephm 
Formation of 1850 ± 10 yr bp (Froggatt and Lowe, 1990). However, there are many problems 
converting this to a calendar date, because the age falls in a period of rapid '^C fluctuation and 
low curve probability. A calendar date of ad 177 (1 o range of ad 166-195) has been derived 
by curve maldifaig of a sequence of ages on tree rtegs from Puieoca buried forest trees (J. 
G. Palmer, pers. comm. 1988 to Froggatt and Lowe, 1990). 

Collection and interpretation of the buried forest data have presented an oppolunity to 
evaluate aspeds of the volcanic succession hypothesis of McKelvey (1963, 1986). In a 
detailed smdy of the lower aldtude hidigenous forests of west Taupo. McKdvey (1963) 
described a zonal and concentric forest pattern about Lake Taupo, and equated successional 
status to this spatial pattern. Nearest to Lake Taupo and on thick pumice were younger dense 
mixed podocaip forests, whereas away from the lake, on thin pumice, forests were older and 
had a substantial comp(xiem of the bfoadleaved species tawa and northern rata. He suggested 
that forests in inner zones, with time, will change to become more similar in compoailiao lo 
those in the outer zones (= convergence) as centripetal (towards Lake Taupo) colonisation 
proceeds. Thus the volcanic succession hypothesis postulates an initial dominance of podocaips. 
wlik±tfiendkninidi as broadleavedqjedes increase b prominence until, fmally,broadleaved 
q)ecies dominate. McKelvey (1963) stated that most lower-altitiide types are now being 
replaced by forest in which tawa will be dominant and which will have a small rimu 
component Regeneration trends indicated that tawa was currendy aggressively cokxiising 
almost an dense podocarp stands, but was slow to enter where pumice was tUckest and 
coarsest and drainage was sometimes *™p*Hfd 

This study shows that the present day vegetation pattern along a 20 km u^sect from 
Pureora to Benneydale is similar to that described by McKelvey (1963), i.e. podocaip 
dominance gives wi^ to broadleaved doodnanoe. However, before the Taupo eruption dense 
podocaip forest was characteristic of all four ates along the transect, though tiiere were 
significant compositional differences. Rimu and tanekaha were dominant at the Pureora end, 
whereas rimu dominated at Thomas, Tocker and Benneydale. In addition, broadleaved 
sptdes, e.g. northern rata, rewarewa, white maire and black maire, were more important 
westward at the Benneydale end. Ibeae spatial dififerences are also r^ected in the sample 
classification, and there is very little overly between buried forests despite apparent terrain/ 
drainage overlaps. Hie forests had all developed virtu^y undisturbed by volcanic eruption. 
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wMi only ineiy iniiiar fofl icjBvcBMia^ 

bad maintained their differences. We suggest that there had been Itede or no convergence of 
the type predicted for present day forests by McKelvey (1963). 

CcHnparisoDS between the buried and present-day forests are severely limited by the 
tanrt«n»prinocWk'«tk]nindocedbymm 

central North Island were burned by the Maori (Bidwill, 1952; Fletcher, 1914) and much of 
the vegetation today still bears the imprint of past firing. For example, in Waipapa mire, 7 km 
north-west of PurecMra buried forest, charred logs of miro, Phyllocladus and possibly kahikatea 
in^cate finest once grew at riles now wuppeA as Bawnea-gleichema-lepidospema fem- 
sedgeland and Baumea-lepidosperma scdgclandby Leathwick (1987). At the Pin-eora buried 
forest site, the extant shrub and herbaceous mire vegetation and adjoining forest margin are 
also fure-d^ved. The manuka-dominated vegetation covering the Benneydale, Tocker and 
Thomas buried forest sites at the tmn of the century probably lesnhed from the shifting 
cultivation techniques practised by the MacMi, as there is a long-established Maori settlement 
at Tiroa, 1 km north-cast of the Thomas site, reputed to date back at least 4(X) years (Kelly, 
1949). Landscape modification increased rapidly after the arrival of the European settlers, 
who deaied areas topogiaphicaiiy sfanilar lo the bnried fiirest sites fat finmhig and exotic 
forestry. 

Evaluation of the volcanic sucession hypothesis is also hampered by the absence of 
macrofossil data for periods between c. ad 130 and the present day, and more important, 
befixe c. ad 130. Alibough the podocarp dnminanor of the buried foiests conmdicis the 
notion that equilibrium is achieved with the broadteawed (mainly tawa) stage (McKelvey, 
1986), we do not know whether a broadleaved stage t\ct existed at the sites in the c. 12,0()0 
years between the end of the last gladation smd the Taupo eruption. Pollen analysis of cores 
from the buried ftxest sites, notwithstanding off-site poilea ' comaminaUnn ', may help wodc 
out past successions. 

McKelvey (1963) and Gibbs (1983) suggested that the present competitiveness of tawa 
and other teoadleaved ^)ecies in the lower altitude fcxests is the result of increased soil 
fertility proAwed by the weathering of die doeletal pumice. Wetthering has been conttani^ 
throagliont a pedoiogicaHy short time period of c. 1800 years since the Taupo eruption. 
However, studies by Stevens and Walker (1970), Wardle (1980), Wells (1959) and others, 
and tlie evidence of this study, suggest that after a pedologically longer period, such soils 
become less fertile ttirough leaching, podzolisation, and loss of nutrients. Soils wouM 
degiade rapidly an the central North Island pumicelands, due to their thick pumice layer, 
large particle size, and relatively high rainfall (WC Rijkse, pers. comm., 1987), This study, 
and this known kmgevity of podocarps compared with broadleaved trees, indicate that c. 1800 
years is too slKMt to piedia future long-term trends in sposxA composition 'm west Tanpo 
forests. Although no data which would indi^tably confirm or refute McKdvey*s voicsiriic 
succession hypothesis arc available for the central North Island, studies elsewhere, e.g., 
reviewed in White (1979), show that, although there may be sh(Mt tenn convergence of 
vegetati(w types, the process dows down; the end result Calls short of independence from 
initial tiir! coadmons and topography. TTms, to the short term (hundreds of years), improved 
soil fertility will result in increased h-oadleaved species, but in the longer term (thousands of 
yeais), soil podzolisation and nutrient loss ensure a re -expansion of certain podocarps. This, 
hi essence, is Gibbs's (1983) evolutionary spiral theoiy (discussed in detail in Clarks(xi et al., 
1988) and the 14,000 year soccesskmal padem ootifaied by Waidle (1980). 

The first forest around PneoiB after die Taopo erapdon was dominated by matai and 
totara, and had established withm 450 years (Clarkson et a!., 1986). Although podocarps are 
still prominent in the west Taupo area, there has been an influx of the m<»e fertility- 
drmwid h ig broadleaved species, notably tawa, as the soil has weathered and an organic 
component added (McKdv^, 1963; Gibbs, 1983). The rate of change depends on local site 
conditioiis, topogfapby and climate. For example, forests on flat to undulating land and on 
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thick pumice near the Pureora buried forest site have elements of both the podocarp and 
bfofldleaved stages (Ctariaon el aL, 1988), wbereav ibose on andnladiig nd hilly lenahi 

around Braneydale, where the climate is milder and the pumice deposit thinner, arc alreafy 
well advanced into the broadleaved stage and this stage could be expected to persist longer. 
Some of the most inhospitable sites, for example, with thick pumice and poor drainage, may 
never have a true broadleaved stage, and otben may have already reached tbeir broadleaved 
peak. Examples here ase probably those within the ed^hic LI subtype, i.e., matai/ miro/ 
totara-d(»iinated dense mixed podocaips in which tawa is scarce or absent (McKelvey, 
1963) and the (rimu)/tawa-quintinia foKst type of Leathwick (1987) in Waipapa Ecological 
Aiea, hi which tawa is hi poor heaUh. The cancot (staioe 5,000 yr bp) drought- and fipost-pnoe 
dimaae (MoC^tme and Topping, 1977) may dao tave an hnportant role in detennining foiest 
composition, tiffing the competitive balance even more away frcnn tawa towards podocarps 
(see Kelly, 1987). We ccxidiMje that, under the present climate regime and in the absence of 
nuyor e Usto rtmce, the less nutrient-demanding podocarp species, such as those fliat were 
dominating the buried forest sites prior to the Taupo eruption, should agahi dnminalP, fixest 
on flat to imdwlaliiyieinin hi the Puteora-Benneydalc district 
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Late Pleistocene palynology of terrestrial cover beds 
at the type sectkm of the Rapanui Terrace, Wanganui, 
New Zealand 

M.RofdBiatll* 



This study investigates die vegetatkmil and cUmitic lustmy reooided by Ibssil pollen 

preserved in terrestrial cover beds at the type section of the Rapanui Marine Terrace, 

Wanganui, New Zealand. At this aectioii, laterally extensive Rapanui Lignite and 

Rapenid DvMnnd ovadie iBirine Hnds of flw Ripinid FonnMioo, wUdb 

after the catting of the Rapanni marine platfionn daring the last intetglacial sttuu 

stricto. 

The lowermost sample, below Rapanui Lignite proper, contains a pollen assemblage 
derived from podocarp-hardwood forest, faidicating a palaeoenvironment similar to, or 
cooler and drier than, the present. The Rapanui Lignite contains pollen assemblages 
derived from a low forest/shrubland with prominent Myrtaceae, and including a now- 
extinet Acocta-type. These assemblages are derived from vegetation lacking a modem 
analogue in New Zealand, and they are considered to indicate a palaeoclimate whicfa 
was also cooler and possibly drier and windier than at present The presence ctf 
liboctdnu and i4cada-type on the Wanganni lowiands daring tba period of depositiao 
of Rapanui Lignite indicates important late PMHocene M og eo g n ^ Mc difliMmioet fSor 
these taxa, compared with the present 

Since flw R^MDoi Rmnation inartoe niids are estfanaled to be c. 120^000 yem (rid, ^ 

the overlying terrestrial sediment ^ipears to be more or less conformable, the lowecmost 
pollen sample probably represents the end of the last interglacial (oxygen isotope 
substage Se) or the transition period to the following stadial. The Rapanui Lignite is 
correlated wilh sladial oxygen isolope sabftage 5d, and is ealimaiDd to date to c. 
110.000 yean ago. 

Keywords: pollen. Pleistocene, Rapanui Terrace, Rapanui Lignite, Rapanui Dunesand, Rapanui FormatUm, nurtm 
terraces, oxygen isotopes, vegetation history, climate, palaeoecology, biogeography, AauaM-type 

INTRODUCTION 

The presence of a well preserved suite of upper Pleistocene marine platforms in the south 
Taranaki-Wanganui district of New Zealand, at 39^5 °S latitude and 173°45'-175°E longitude, 
offers the chance to develop a long record of vegetational and climatic histocy for the last 
60(XO0O yean for this region. Ages have been estinaied for die cutting of the marine 
platforms (PiUans, 1983, 1990) and the lemstrial cover beds of the tenaces ontain lignites 
which yield abundant fossil pollen, have a distinctive loess stratigraphy (Pillans, 1988), and 
contain both andesitic and ihy<ditic tqihraniarker beds, some of which have bee^ 
dated 

A nunaber of toog, detailed vegetationaltmrtrlhniilichittofieglmveahTead^ 

for different terrace cover bed sequences (e.g. McGlone et al., 1984; Pillans et al, 1988; 
Bussell, 1988a, 1990; BiisseU and Pillans, 1992), which piQvide a disoxitiniioiisiecoid of ^ 
last c. 400.000 yr. 



*SheU Todd OUSenrkesLkoited, Private Bag. New PlymotMfa, New Zealand 
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Table 1 - Nomenclature and ages of south Tacanald-Waiiganiii marioe tenaces cut during the 
last c. 350,000 yr (HUans 1983, 1990). 



Tbrm Approx. ag« (yt) Comelation with oxygen iaolope 



RakaupUoo 


60.000 


3 


Hauriri 


80.000 


Sa 


Inaha 


100.000 


Sc 


Rapanui 


120,000 


5e 


Ngaiino 


210.000 


7 


Bmnswidc 


3m000 


9 




340^000 


9 



This paper presents the results of pollen analysis of the cover beds of the Rapanui Terrace, 
which Pillans (1983) considered to have been cut c. 120,000 yr ago during the last interglacial 
(oxygen isotope substage Se). The site investigated is the R^>anui Tenace type secticHi 
(Fleming, 1953) at Casdecliff Beacdi, Wanganui, New Zealand (Uititnde 39^ 55' S, longitnde 
174" 57' E, at grid reference R22/432754'; Fig. 1). It is located 80km east of the Taranald 
Volcanic Centre ringplain and 100km south-southwest of the Taupo Volcanic Zone (Fig. 1). 

Hie site was previously palynologically investigated by WJF. Harris and R.A. Couper. 
Tbdr RSDlts iiave never been fiilly published, but weie sommarised in Fleming (1953). 
Unfortunately, die summary version ocnnbined data fireoi two stxatignqiiiically and 
geogr^ically separate sites, as ftuther discussed below. 

The R2q)anui Lignite Site provides a vegetational and climatic history from the end of the 
last intergladal to the following stadial period (end oxygen isotope substage 5e to substage 
5<0 Ibat is Giofidy liniffid widi sea levd (dUDges. A oompaiison is m^ 
sites firom die region. 

REGIONAL SETTING 
Depositional setting 

Table 1 presents the nomenclature and ages of the marine terraces cut during interglacial 
and interstadial periods of the last c. 350,0(X) yr in the south Taranaki-Wanganui district The 
tetraoestraiidlines in ibe area <tf the Rapanui UgnilB site are mapped in Hg. 1. 

The surfaces of the cover beds form a 15km wide coastal terraced landsc^ that contrasts 
markedly with the deq)ly dissected, soft marine sediments of the higher altitude hinterland. 
Holocene sand-dune oxnplexes are present along the coastal areas, and the terraces are 
abnq)tly cUfiied nortfawe^ of Wanganui except where nu^ rivers intersect the coast 

To the northwest, Mt Taranaki (Egmont) is a 2518m high, {xesently dormant late Pleistocene 
andesitic stratovolcano. The present massif is less than 10,(X)0 years old (Neall et ai, 1986) 
but there are older centres of the Taranaki Volcanic Zone ncxthwest of Mt Tarmaki, which 
dale bade to 1.74 ±0.03 Myr (Neall, 1979). llie local Pteistoceaevoleaiiic activity has been 
laigBty restricted to pyroclastic deposition on the ringfdain, but tephra was at times distributed 
southeast to the Wanganui district. To the n(Mth-northeast, the Taupo Volcanic Zone has been 
a major centre oi rhyolitic and andesitic volcanism in the late Pleistoceoe, and has sourced 
important rhyolitic marker tephra in the Taranaki sequence. 



* Grid references and fossil lcK:ality numbers are recorded in the N.Z. Fossil Racocd Fife and are based 
00 ttie natiooal thousand metre (rkl of the 1:50,000 map feaet, NZMS260 
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Fig. 1 - Locatkm (tf the lUq^ui Ugntte Site in idatloo tD the 
(after PIBaii. 1990). 



Major rivers in Uie area are thought to have liad floodplains wiiich acted as sources for 
wideqmad kwss deposUs wliik they aggiailed lemwes diiring cool<^^ 
c.30a000yr (Millie^ 1973). 

CUmate 

CoMil regioiis, sodi as Wfli^»il, amently enjoy a mild, waon-iemiMiaie cUmaie widi 
few exiiemes, while cooler annual aveiage tempaataies and higher avenge rainfall are 
experienced in hinterland regions, and frosts and fogs may be common. Annual rainfall at 
Wanganui is 900 mm and is evenly distributed through the year. Mean annual temperature at 
Wanganui is 13.6°C. West and northwest winds |ffevail with relatively frequent gales. 

Vcgetatioii 

Except for smaUpoctett, there is litttenmainii^g of the coas^ 
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covered the south Taranaki-Wanganui district. Present land usage is principally for dairy 
farming, and rich pasture grows aa tbe freely draining, fertile, yellow-bfown earth soils of tbe 
terrace surfaces. 

Tlie 01^^ coastal to semi-ooastd foiestotxnpitoda 
Rhopalostylis sapida, Corynocarpus laevigatas, Beilscfuniedia tawa, Elaeocarpus dentatiu, 
Alectryon excelsus, Hedycarya arborea, and Laurelia novaezelandiae (Esler, 1978). 

Podocaip-hardwood fcH-est dominated by a canopy of Beilschmiedia tawa covered lowland 
areas ndand from Wanganni. Podocaips such as Daaydtum cupres^man, Prwmoj^tys 
taxifolia, P. ferruginea, Podocarpus totara, and Dacrycarpus dacrydioides emerged ^ve 
this canc^y, together with the hardwood Metrosideros robusta. Pooriy dcained areas supported 
dense st^ids of D. dacrydioides. 

Ftardier inland, bddnd Oe (ddest muiDe lenaoe remnants, Nothofagus solandri var. 
sokmdri forms ridgeline foiests (above c. 450m) on the poorer soils. The associated canopy 
trees arc Weinmannia racemosa (which altitudinally replaces Beilschmiedia tawa), Podocarpus 
hallU (which altitudinally teplaces P. totara), and B. tawa (Nicholls, 1956). 

Cbfkson (1965, 1986) described tbe altitudinal vegetatkm zones of Egmom Nadonal 
Park, and the vegetation communities of central-western North Island have been briefly 
described by Bussell (1988b). On Mt Taranaki, where Nothofagus is absent, montane 
podocaip-h^wood forest forms tbe timberline at c. 1050m, replaced at successively higher 
attitudes by snbalpine shnibland, gras^nd, beibfidd, and mossfidd. Hcdocene volcanic 
activity has strongly affected Mt Taranaki vegetation (Druce, 196^ but the influences of the 
volcano on vegetation elsewhere have probably been largely confined to the ringplain. 
Pleistocene volcanic activity in the distant Taupo Volcanic Zone is unlikely to have severely 
inflnenced vegetatioo in sootb Tanmaid^Wanganiii except along the valleys of major rivets 
which have their headwaters in that region. 

THE RAPANUI LIGNITE SECTION 

Local terrace sequence 

The Rapanui Lignite Section at Castlecliff Beach, Wanganui, is a cliff exposure of the 
Rapanui Terrace marine platform and associated cover beds originally mapped and desoibed 
by Fleming (1953) as tbe type locality for the Rapanui Formation. Lensen (1959) regionally 
mapped the marine temoe sequence at Wanganui, and Didcson a al. (1974) differentiated 
the older Ngarino Terrace from the previously mapped Rapanui. The strandline of the 
Rapanui Terrace is preserved inland from Castlecliff Beach (Fig. 1). Pillans (1983, 1990) 
recognised two marine terraces younger than the R^)anui, the Inaha and Hauriri Terraces 
west of die Rapanui Lignite Section, pieviously mapped as Hoc Rapanui Temoe. Pillans 
(1983) assigned an age of c. 120,(X)0 yr for the cutting of the Rapanui marine platform. 

Pillans (1990) mapped the terrace sequence at 1: 100,000 scale and formally described and 
defined each terrace. In contrast to Fleming's (1953) usage, the Rapanui Formation is 
restricted to hiclnde oidy die marine cover beds erf the Rapanui Terrace diat overiie die wave 
Ctttplatfonn (tiie'*Rl4>anui Marine Sand" of Fleming, 1953). The terrestrial cover beds of the 
Rapanui Terrace are considered here to include the Rapanui Lignite and Rapanui Dunesand, 
but not the Waipuna Delta Conglomerate or Kaiwhara Alluvium. The Waipuna Delta 
Conglomerate has been shown by Pillans er id. (1988) to be a littoral deposit within the 
Ngarino Terrace marine cover beds, while the Kaiwhara Alluvium has been retained fSor 
describing sediments of many dqiositknid settings at Landguaid Bluff Ngarino Temoe: 
Pillans a/., 1988). 

StntOffrmfhy 

The Rapanui Lignite Site exposes some 13 m of cover beds of the Rapanui Terrace in a 
cliff at the back of Castlecliff Beach (Fig. 2). A marine platform at 29 m a.s.I. (13 m below 
terrace surface) is unconftxmably cut into neritic sediments of the Shakespeare Group. The 
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RAPANUI TERRACE SURFACE 



RAPANUl DUNESANO 
Grey, well sorted sand with 
dune bedding 



RAPANUI LIGNITE 

Dk brn - blk Ugnife with wood 



Fig 2 - Stntignpliy of the 
Beach, Wanganui). 



RAPANUI FORMATION 
Blk. lam., well sorted sand 
with cross bedding & leached 
shells in places 

Wave cut platform (29m asl) 

SHAKESPEARE GROUP 

Middle Pleistocene shelf sediments 
of Wanganui Basin 

Lignite Site (Qrpe Mdiaa of die RapennI Iteaoe. Caidediff 



marine cover beds comprise 5 m of littoral sands with rare leached shells. This is overlain by 
0.5 m of sands of probable terrestrial origin, which include a thin lignaceous layer from 
wiiidi llie towennost ptrilen sample was taken. Tbe Rapamii Lignite ovedies and co mp tl Ks 
12mo{ tfakk, dark brown lignite; then there is some 6 m of Rapanui Dimesand to the cmrent 
tenaoe sufftoe, which has no loess or soil developmeiit on it at the poXkn site. 

Datiiig 

PiUans (1963, 1990) considered the Rapanui marine platfoim to have been cut at c. 
120,000 yr ago, that is, during the last interglacial (oxygen isotope substage 5e) marine 
transgression. This age was calculated using an uplift model for the suite of marine platfonns 
in the region, calibrated with a fission track date on a ihyolitic tephra in the cover beds of an 
(dder terrace. The age is abosiyported by amino acid raopmisar^ 
which average c. 1 10,000 yr ago (Pillans, 1990). Furthermore, loess stratigraphy in the region 
suggests that four loess units overlie the Rapanui Terrace, and the oldest loess ('L4') was 
considered by Pillans (1988) to be c. 100,000-120,000 yr okl. Since the Rapanui Ugnite 
doaely omiics the nugfaie cover beds hi an apparently confonnaMe sequence, and because 
the site is close to the terrace strandline, tfieo the Rapanni Lignite may be eiq^ected to date 
soon after the time of tenaoe cutting. 
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PALYNOLOGY 

Methods 

Pollen samples were analysed from 10 cm intervals within tlie Rapanui Lignite, and ooc 
samirie was analysed fipom a lower Hgnaoeoas bof^^ 

follow those of Faegri and Iversen (1975). The sample residues wcrc placed in silicone oil, 
and slides containing 0.02 ml of suspended sample were prepared and wax -sealed. 

A minimum pollen sum of 280 was achieved foi all samples. The pollen sum used 
includes an cenresdial poOen except Leptospermum-type and was aimed at providing the 
clearest infonnation on die extra-local and regional vegetaticn (Jaoobson and Bradshaw, 
1981). Bussell (1988a) discusses the choice of this pollen sum in mote detail. Charcoal 
particle areas were also measured for all samples using the method described by Claric 
(1982). 

bUerpretation of the pollen assemblages is based partly oo modem poDen studies firom the 
region (McGlone. 1982; Bussell, 1988b) and by comparison between the assemblages 
sampled and those recorded from the Holocene and last glaciation in the area (Mclntyre, 
1963, 1970; MoGkme, 1980; Bassell, 1988c). Norton et al. (1986) have shown that selecied 
modem pollen spectra in New Zealand correlate with modem v^etation associatiODS, and 
that the abundance of certain pollen taxa correlates well with some climatic ponunelBCS. 
Analogues are also made bom present day vegetation-dimate relationships. 

Rg. 3 shows a pcdlen diagnm firem the Rj^MDui Lignite Site. Itew poQen 
shown in the pollen diagrams and for other taxa not shown are ttrnttainmA BnsseU (1968^). 
All samples contained abundant, although corroded, polleo. 

TlMpollNidhvpm 

No local pollen zones are designated for this site, although the shigle sample firam the 

lower thin lignaceous unit does show some important differences. 

The lowermost pollen sample from 7.38m (sample 1, Fig. 3) is dominated by the pollen of 
Dacrydium cupressinum; pollen of Prumnopitys taxi/alia and Coprosma, and spores of 
CyofAeo, aie common. 

The two pollen samples from the base of the Rapanui Lignite (samples 2 and 3, Fig. 3) 
have substantially reduced percentages for gymnosperai tree pollen compared with sample 1, 
and an unusual assemblage dominated by Metrosideros-type poUen at levels up to 83%. 
Because flie pollen was not weU preserved. identiflcHlion of sqMMWte ISM within liieM 
was more tentative than usual, and although I felt that much of the pollen present in these and 
overlying samples was Metrosideros. some may be attributable to either Neomyrtus-typb or, 
in the case of samples 2 and 3 particularly, the semi-swamp tree Syzygium maire. 

IHdlensam|de84-12 (Fig. 3) hawe lower amounts of MclroAidlrmj-type pollen, and there 
is general decline of this type upwards through tibe Rapanui Lignite. Coprosma poDen, on the 
other hand, shows a marked upward increase in abundance, with a marimum df 67%. 
Leptospermim-typt pollen also shows upward rise, with a maximum below the tt^ of 130% 
Ot is exduded firxn the pollen sum). Ubocedrus poUen is common duoughout the Rapanm 
Lignite, averaging c. S%, and shows a peak of 16% in the uppemiost sam|de (sample 12, Fig. 
3). Nothofagus menziesii pollen is consistently {Hesent at low levels from samples 5-12. 
Grass pollen is comnuNi in the middle of the R^;)anui Lignite, but is sparse in other samples. 
Asteraoeae (Tbboliflorae) and PhyUocladus pollen are most common in the upper half. 
Acocia-type polyads comprise 1% of tlie pollen sum in sample 6. Local swamp poUcB is 
sparse in the lower half of the pollen sequence, but sedge, rush and Phormium pollen are 
common in ti^ middle and upper Rapanui Lignite. Phormium poUen is abundant (55%) in 
sample 5, and declines upwanL Feni spoiet aie not pndific hi this poUen sequence, snd 
spores of CyMhea, the most conmion taxon represented, are most conmion in the lower half 
of the pollen sequence. Charcoal particles are present but infrequent throughout the pollen 
sequence, except in sample 10, where they reach a peak of 33 cm^/cm^. 
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Table 2 - Smumaiy of v^setalioiial nd dimalic chaDges leooided at llie Rapanoi LignilB 
Site^ a n< t dheir in t ei pret^iop in tenns (tf cHm^^fy r stages 



Samples 


Extra-local 


Climate 


Stage 


Inferred 




vegetation 


(oompwed 
with present) 




oxygen 

isotope 
sobstage 


Rapanui 


Sbnibland-low forest 


Cooler, drier 


Stadial 


5d 


Lignite (2-12) 


witfi Myrlaoeae and 

Acacia-Vypt 


and windier 






Lowest 


Podocaip^Mcdwood 


Similar, or 


End of 


Se-Sd 


sample (1) 


fbiest 


cooler and 
drier 


intergladal 

or transition 
to stadial 





VEGETATIONAL AND CLIMATIC HISTORY (Table 2) 

Local cnTiroomeiita] and yegetaticMial hblory 

During an intergladal period of bigh sea level, the sea cut tbe Rqianni Terrace marine 
platfonn and deposited marine sediment at the site. Following regression, coastal sand-dunes 
probably formed, and these were forested where stable. A small inter-<lime hollow at tbe site 
was most likely occiq)ied by forest, as few pollen giaiiis derived firam swamp hertM aie 
represented in saiiq>le 1 (Fig. 3). Some pollen of the semi-swamp tree Dacrycarpus 
dacrydioides is present, but this species is unlikely to have been dominant. The local and 
extra-local arboreal communities may have been similar at this time, so Dacrydium 
capressimm is cavisoged as gnywteg on the rile. The presence of die aquatic Myriophyllum 
attfitetillie SQggests open water conditions, even if only fivabrief period, and D. cupressiman 
apparently can tolerate standing in waterlogged soils once a 8nf£EK» layer of lumus bas 
fonned (Franklin, 1968). 

SoPie time hief, amorepennanrot and more extensive swamp was cstaMished, presiuMl^ 
as a result <tf slaMlisation of the site. Because the Rapanui Lignite is laterally continuous, it 
must rei»esent a very extensive, poorly drained area. The depositional setting is envisaged as 
a dune-impounded swamp, although the coast need not have been close to the site. 

Iniliany, semi-swamp forest probably grew on die site, because pcdien derived from 
swamp heibs is scarce. One possibility is that the site may have been dominated by the small 
swamp tree Syzygium maire. Later, the local water table rose to allow the establishment of a 
sedgCr-Phormium community, in which the rush Leptocarpus similis, and the h^ Astelia, 
were oonunon (samples S-12, Fig. 3). Syzygium, if dominant eariier, became excluded from 
die swamp at tids time. Hiis community indicates die swamp was fortUe. No such extensive 
swamps of this nature have survived on the Taranald-Wanganui lowlands to die present day. 
Lagarostrobos colensoi probably grew locally. 

Dune activity then overwhelmed the site, after which peat was no longer deposited locally. 

Extra-local and regional vegetation history 

Initially (sample 1, Fig. 3) the site may have been surrounded by podocarp - ?hardwood 
fewest dominated by Dacrydium cupressinum, and with common Prumnopitys taxtfoUa, 
Ntowever the hardwood trees ^pear to be sparsely represenled in die pollen recoid, probably 
because they are masked 1^ the high local pollen input of podocarp trees growing on die site, 
so little can be said of the extra-local forest composition. Likewise, the relative prc^rtions of 
the podocarp trees may be misleadingly re[Mresented in the pollen ^)ectrum because of 
masking by D. cupressimmL 

Daring die time of Rapanui Lignite deposidon, the record suggests that the forest in the 
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extra-local community was restiktod in extent, even allowing forpafynological masking by 
tlie abundant Metrosideros-Xypc representation in samples 2 and 3 (Fig. 3). Shrubland/low 
forest, principally comprising Coprosma, Leptospermum-type, Muehienbeckia, Neomyrtus- 
typ&,Myrsine, smAptobablyMetrosklems^msiybssvtliem 

at tbe time of depositioii of ttie lower part of die lignite. This vegetation may have been 
associated witii dune countiy . Fkirtfaer inland, some podocaip - iiardwood focest was pn4»bly 

present. 

Later (samples 5-7, Fig. 3), it appears itut some open areas occupied by grassland weie 
present neaiby. One source of glass pollen may have been from tfie samSbiadex Spinifex 
hirsutus, which could have been common if there were sand-dunes present in the area. 
Coprosma became more comm(Hi in the surrounding shrubland, and the presence of the now 
extina Acacia-typc indic^es that this community does not have a present day analogue. 
Many of the poOen taxa ttiat are prominent at this time have rqxesentatives in the modem 
flora in coastal to semi-coastal sand-dune scrub. The assemblage and stratigraphic setting 
(associated with dune-sand) is typical of other assemblages from older deposits in which 
Acacia-typo has been identified {e.g. Mildenhall, 1972, 1975a, 1975b; Bussell and Mildenball, 
1990). LUxKxdrus was iqjparently commoo in the extra-local vegetation, as suggested by 
pollen records of up to 6% of the sum for this palynologically under-represented tree 
(McGlone, 1982; Bussell, 1988b). It may have formed isolated pockets of forest perh^s on 
the margins of interdune hollows, as it presently prefers poorly drained sites (Elder, 1965). 

During die time vqnesenied by die middte and qiper RafiaDui Ugnile. shnibiflnd/low 
forest remained the dominant extra-local vegetation community, but Coprosma and 
Leptospermum-type increased in abundance. Asteraceae (Tubuliflorae) became common. 
Acocia-type may well have still been present, because Australian modem pollen rain studies 
have shown diat Acacia pollen is severely under-represented in most samples (Dodson, 1977, 
1983). In the regional forests NoOiofitgus fitsca-type and N. maiziesii increased, but they 
were most probably not present in the Wanganui lowland. The presence of 16% Libocedrus 
pollen in the uppermost sample (12, Fig. 3), indicates that this tree must have been abundant 
in the extra-local vegetatirai of ttiat time. 

Climatic history 

Tlie lowermost pollen sample (1, Fig. 3) is considered to indicate warm, wet conditions, 
probably not too dissimilar from the present dimaie of Wanganui if Dacrydium aqn-essinum 
was dominant in die podocarp - hardwood forest of die region. However, there is an 
alternative interpretation, which considers D. cupressinum as purely local, and in which 
Prumnopitys taxifolia is tbe extra-local dominant tree of podocaqi - hardwood forest; this 
scenario suggests cooler, drier condidons dum die present. 

The vegetation recorded in the Rapanui Lignite itself certainly represents a cooler, probaUy 
drier climate than present. This is suggested by (1) the scarcity of pollen from podocarp - 
hardwood forest, even considering the local masking effects of the common pollen types, and 
also by (2) the presence ot 'cool-cUmate taxa*, principally Libocedrus, on the Wanganui 
kywlands. Some shmbland/low ftirest may have lived among local sand-dunes; however, 
many taxa associated with recent pre-clearance coastal to semi-coastal forests on dune 
country (e.g. Dodonaea viscosa and Rhopalostylis sapida), are apparently absent, and this 
would be expected if die climate was cooler dian now. 

Tlie 1 % representation of Acoda-type polyads suggests tUs taxon was growing in vegetation 
near to the site. Mildenhall (1975a) considered Acacia-type pollen to indicate dry, cool to 
mild, coastal environments, as it was found in assemblages also containing scrub and 
grassland species, and apparently, coastal swamp sedges. I consider that the site examined 
here was inland fRxn the coast proper at die time die Rijpand 

the sea had regressed after cutting the Rapanui Terrace, and the cooler climate (indicated by 
the restriction of forest and the presence of cool climate taxa) suggests that the sea level was 
by inference much lower than at the jnesent day. Sea level fell after the last interglacial, £rc»n 



86 



Journal of the Royal Society of New Zealand, Volume 22, 1992 

(ItOlnornaUstil) 

-0.5 



-1.0 



0.0 



03 



Rapanui Lignite 
Sitt CorrilaNons 
1.0 



9S 

H 

is 



60- 
- 


4 glacial 




80- 


inttrstadal ^> $9 
stadiat 




100- 


hterstadial ^^5c 






stadial ^-5^--^..,^ 




120- 




(asfinttrglKial ^ 






6 glacial 





Rapanui Ouna-sand 

Rapanui Lignite (2-12) 
Lowest pollen sample (1) 
Rapanui marine platform cut 



Fig. 4 - Coirelation of the Rapanui Lignite Site with the deep sea oxygen isotope record (after 
MntiaMO«raI^ 1987). 

+2 m at c. 120,000 years ago to -54 m at c. 112,000 years ago (Chappell and Shackleton, 
1986). Batbymetric data of Lewis and Bade (1974) indicate that a c. 50 m sea level fall would 
produce little cfaanie in tiie palaeogeognqiiiy oi die Wangamil district, bat die poUeo stie 
would lie some 18 km from the coast at c. 1 12,000 years ago. I consider that the sequence 
does not contain any inqx)rtant unconformity overlying the marine sediments, and therefore, 
I infer that the pollen site was most likely part of a lowland plain subject to semi-coastal 
oondilioiis. I envisage die site as having been sabject to freqiiei^ 
diniali c condilions. 

Fire was generally not important in controlling the local to extra-local vegetation, because 
the charcoal area curve (F'lg. 3) shows that there was little charcoal depositi(» into the site 
except dming the period leccfded by sample 10, wliidiiecafds a peak in measured charcoal 



Although andesitic tq>hra were reported by Reming (1953) within Rapanui Lignite, they 
are notjnresent as prominent hcxizons in the Lignite at the pollen site, and I do not envisage 
any influence of vcdcanism on die v^tetadon during the time represented by die poDa 
sequence. 

Age and corrdatfamof the Rapunii Lignite site 

I consider the lowermost pollen sample to represent the end of die imetglarial during 

which the R^ianui Terrace was cut, because the deposits which this sample came from rest 
with apparent conformity on the marine deposits of the interglacial, and the pollen assemblage 
is similar either to the inesent ra* to an eariy post-glacial vegetation of the field area. Thus it 
is cQirelaied with the end of oxygen isoiqie siibs^e 5e, or die 5e to Sd tnmsidon (Fig. 4). I 
consider the overiytaig Rapnui Lignite to represent oxygen isotope soibstage Sd because, 
although there may be no exact analogues of some of the communities present at that time, 
stadial conditioos are lilcely, judging from the pollen assemblages; and the apparently 
conformable relationship with underlying dqx)sits suggests that die dqiosits correlate wi^ 
die stadial immediately following the tasthitergladal marine transgression. These oorrebdons 
are shown in Fig. 4 artd Table 2. These results tie well with mffw mpmo uptf fnwmiwit^ 
dates rqxwted by I'illans (1990) firom the Rapanui Lignite. 

DISCUSSION 

Previous palynological study of Rapanui Lignite 

The pollen analytical sequence reported here differs markedly from data reported from the 
IU|»nd lignite by WP. Hanis and RA Couper in Reming <19S3).Th^rep^^ 
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ribgcpoc data fot taxa in die R^Mrai Lignite, and combined die ijoandtttivie nesnfts witfi 

counts for tbe same taxa from all samples from the Rapanui Lignite and from die much older 
Landguard Lignite exposed at Landguard Bluff, Wanganui (Fig. 1). For this reason their data 
cannot sensibly be compared with tbe results of this study. Hards and Couper summarised 
didr dtta by Slating liiat Aeie was evidence of nurioed cllniaik ctim 
d fcnmation" and "the climate was not unlike die pnseaf*. HidrccHiclusions differ markedly 
from mine: I consider cooler conditions than present to have prevailed during the Rapanik 
Lignite dqwsition. Two possible explanations for tbe differences are (1) that they sampled 
die Ri|xinni Lignite in a difllBfent locadon finm diis study, and (2) diat tbe figntte is time 
transgressive. The Casdecliff Beach section is now poorly exposed oooqiared with its 
condition at the time of Fleming's (1953) field work. Fleming's diagrams of the coastal 
sections do not indicate any interfmgering of separate members of Ilapanui Lignite - rather, 
* it is sh()wn as a continuous stratigraphte unit widitfrirJmess variations. My field in 
iiowtwer, indicale dnt die Rspanui Lignite is discontinuous along die Castlediff coastal 
section, and cannot be assumed to be coeval in all locations. Holocene lignites exposed at 
Waverley Beach, which were (teposited in a setting similar to that of the Ri^ianui Lignite* 
have been shown to be diachronous (Bussell, 1988b). 

Comparison with nearby sites 

Published detailed Pleistocene vegetational histories firom the Taranaki-Wanganui district 
include Oiose of Dickson et al. (1974), McGkme et al. (1984), Pillans et al. (1988), BusseU 
(1990), and Bussell and Pillans (1992). The pollen spectram finm die lowamost sample at 
the Rapanui Lignite Site is similar to the interglacial pollen assemblages reported from pollen 
Zone 3 at the Landguard Bluff Site, Wanganui (Pillans et al., 1988) and from uppermost 
pollen Zone 0H5 at the Ohawe East Site, Hawera (BusseU, 1990). All these assemblages lack 
ooininonitjeafiM pollen, disdnctivecrfinleiglacial maxima in ^ 1988a; 
Bussell and Pillans, 1992). At Landguard Bluff, Zone 3 is ccxrelated with an older interglacial 
than at the Rapanui Lignite Site. However, it is possible that the uppo* pollen zone OHS at 
Ohawe East could be l»oadly contemporaneous with the lower pollen sample at ttie Rapanui 
Lignite Site (late oocygen isotope sobstage Se). 

None of the above published studies reprat pollen assemblages similar to diose I fimnd in 
the Rapanui Lignite. The distinctive features of Myrtaceae pollen dominance with common 
Libocedrus and ^xxadic Acacia-typc poUen is not typical of older Tertiary pollen assemblages 
ddier'. Slid has no modem mdogne in New Zeatand v^ettfioB. 

The Rapanui Lignite may also be partially contemporaneous with strata exposed in a site 
on the Waikanae River, 105 km south of Wanganui (Fleming, 1972; Mildenhall, 1973). 
Samples analysed from the Waimahoe Lignite, which oveiiies last inteiglacial Otaki Dimesand, 
conttdn similar poUea assemblages to those in Rapsmd Lignite. Hie Waimahoe Lignite 
analyaes have iiever been ftdly publidied, which pieveiMs a delidled otxiq)^^ 

Biogeography 

The Rapanui Lignite omtains some pollen types sourced from taxa diat aie now eidier 
exdnct in New Zealand, not present hi soudi Taianaki>W8Dg8nui, or are present hi Tanoald 

but grow at higher altitude locations. 

Three Acflcw-type polyads are jwesent in sample 6. Since this taxon is typically severely 
under-represen ted in modem pollen rain in Australia (£>odson, 1977, 1983), Uie implication 
for die lUqMnui Site is that die source idsms were gfowfaig loc^Dy at die th^ 
sample 6. Acocui-type pollen-producing taxa are now extinct in New Zealand, yet, as more 
fully discussed by BusseU and Mildenhall (1990)» these results indicale diat Acocia-type 



' Aucmblagei reported by Mildenhall (197Sa,b) ace limilar but lack common Libocedrus polka. 
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plants were [M-esent in the late Pleistocene in Wanganui district. The Rapanui Lignite Site 
provides the youngest known occurrence of Acacia-typt poUen in New Zealand. 

The presence of oooHiion £itoc«dhtf (Ml die Waogn^ 
the R^anui Lignite indicates a substantial difference in the late I^eistocene biogeographic 
range of this taxon compared with today. At present, Libocedrus bidwillii grows mainly in 
Xippsx montane forest on Mt Taranaki (Egmcxit) in western Taranaki. in the Ruahine Ranges 
90 km east of Wanganui. and on the coitral Ndflfa Islaod vokanic mountanu. Withom 
macrofossil evidence it is difficult certainly to exclude the possilMlity that the pollen 
encountered may be derived from the small tree L. plumosa, which is now absent from south 
Taranaki- Wanganui but grows in lowland forest in northwest Nels(Hi (South Island) and 
north of around latilode 38^S in Noith bland. However, given the assodated pollen 
assemblages for Libocednu, it seems more reasonable lo assume that the pcrtlen is derived 
from L bidwillii. 

Nothofagus menziesii, Lagarostrobos colensoi, and PhyUocladus pollen are present at 
levds up to 2% in Rapand Ligniie. None of these taxanow live in soott Tannalci-Wanganui, 
but were present in the area in the late Pleistocene during times of cooler climate than present 
(McGlone, 1980; McGlone et al., 1984; PUlans et al., 1988; Bussell, 1988a, 1990). The low 
levels recorded in this study should not be taken to confirm their coiain presence in the 
Wanganui lowlands during the time of depositi(» of R^nnui Lignite, since long distance 
dispersal of some of these pollen types cannot be ruled out (Maqihail and McQueen, 1983). 

The examples given above, for Libocedrus and Acacia-type in particular, indicate significant 
differences in Pteistocene biogeography in south Taran^-Wanganui compared with the 
present Furtiier details at the ancient v^etation at the I^panni Lignite Site and elsewhere 
arebkidenby our preseminabiUty to resolve the identificadoD of many poUoi types beyond 
the geneiiclevd. 

CONCLUSIONS 

1. The Rapanui Ugnite Site contains poflenasicmMages derived from *Taieinleiglac^ 

podocarp- hardwood forest and stadial low forcst/shnibland. The climate is inferred to have 
been initially similar to, or slightly cooler and drier than at present, then much cooler and 
possibly dtiet and windier than al present during Rapanui Lignite deposition. 

2. The lowernioBt poUen sample is correbied wifli lale last iniergladal oxygen Isotope 
substage Seortbe following transition period to stadial oxygen isotope subslBge Sd, which is 
rq)resented by R£q)anui Lignite, considered to be c. 1 10,000 years old. 

3. PoUen assemblages in Rapanui Lignite are derived firom vegetation ttiat has no 
modem eqnivBlent in New Zealand, and wiiich hicfaided die now extinct i4£)ada-type. 

4. There have been considefable changes in the late PleislocenefaQges of some laxa in 
soutti Taranaki-Wanganua comiiaied with the present 
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The ecology of a New Zealand grassUmd lizard guild 

G A. PittcfBon* 



HoiiiB nngM and aggiMdvB belwvkNir, habitat p wfawace and diet weie itndied in a 

guild of three congeneric skinks, Leiolopisma inconspicuum, L maccanni and L. 
nigriplantare polychroma in tussock grassland in New Zealand. The three species 
displayed nidie diflierenoea in microliaMtat, prey size and prey taxa; diere wai extenaive 
overlap along the prey niche axes, but significant differences in tnicrohabitat utilization 
between species pairs. Intar^iectfic aggression related to specific site defence was 
ohaarvedon i i uu ieii wa occarioBa.TliB Mw i J t» suggest tlitttte 
mainly by s)eciea-apecifiemic i o< nvii o i iine n tilpirtBwnoet,coiilio]^ by intanpadlic 
oQnpMilion totwpic^ 

Keywords: guild, Leiolopisma nigriplantare polychroma, Leiolopisma incoupicianiw I<>illill|aMlia BMrmaaj 
competition, home range, habitat prrference, lizard, grassland, New Zealand 

INTRODUCTION 

Tbe idea that similar species cannot coexist has a long, controversial history in eocriogy 
(British Ecological Society, 1944; Gilbert a/., 1952; MiUer, 1967; Vadas, 1990). However, 
although mechanisms for coexistence that do not rely on ecological differences have been 
proposed (Sflveitown and Law, 1987), on closer examination tiheae still siqipoft die idea diat 
most species must be sufTicienUy ecologically distinct to coexist stably (Chesson, 1991). 

In New Zealand, a long-isolated and diverse lizard fauna has evolved, which in some areas 
com]uises unusually large congeneric guilds (Towns et al., 1985). Root (1967) defmed a 
guild as a qiecies group that uses tlie same resource in tlie same way. The following study 
describes an in\«stigation of ecology, resource use and morphokigy in a guild of Ifaree cryptic 
skink species which have only recendy been described (Patterson and Daugherty, 1990). 
Leiolopisma nigriplantare polychroma, L inconspicuum and L maccanni are ctxmnon 
throughout much of the South Island of New Zealand, although all three are sympatric at very 
few locarions. AlltKNigb almost identical in appearance, they can be distinguislied by colour 
pattern, particularly in sites where they co-exist (see Discussion). Analysis of allozyme 
variation unequivocally demonstrates that the species are distina and are valid over their 
entire ranges (Daugherty et al., 1990). 

There are few lizard species anywhere tfiat show greater moqihological similarity (until 
1990 they were classifled as a single subspecies), and so the problem of avoiding competitive 
exclusion where they are sympatric should be particularly acute. Lizards generally partition 
resources with respect to wlien tliey are active, where they forage and what they eat (Pianka, 
1973). I therefore recorded data on activity times and food and habitat utilizatioo fer dl three 
species at a locality where they were all present in large numbers. Secondly, the role of 
competition in structuring the gtiild was investigated. Although the potential of interspecific 
competition as a structuring force in natural communities is widely recognized, proof of its 
pRivSdenoe hi the wild is laigdy drconsiantid. The onequivo^ 

under field conditions is fna^Jbt with difficulties associated widi experimental design and 



* E L. HeUaby arwslandsReaeavdiFBllow,DepaftBMtofGoi»0rv«i(m,P^^^ 

New Zealand. 



Copyrighted material 



92 Journal of the Royal Society of New Zealand, Volume 22, 1992 

data analysis (Hairston, 1989; Jaeger and Walls, 1989). Frequently it is possible only to 

speculate on the mechanisms underlying the interactions between competing species. Field 
experiments have the potential to [M-ovide direct observations of competitioo. Such observations 
were accordingly another aim of this study. 

MATERIALS AND METHODS 
The fltady area 

Hie study area (Fig. 1 ) covered tqiproxiinately 140icii^ on die sondmn coAoiibt Rode 

and Pillar Range and the northern end of the Lcimmermoor Range in Central Otago, South 
Island, New Zealand (170° E Long, 45° S Lat). The altitude in this area ranges from 900m to 
107Qm a.s.1., and the landscape comprises rolling tussock-covered slopes that rise to ridges 
studded with sdiist outcrops. The d(Mninant plant in most areas was Chionochloa rigida 
Zolov, the nanow-leaved snow-tussoclc. Red tussock, C. rubra Zotov was dominant in damp 
areas such as the bottoms of gullies, and Aciphylla aurea Oliver, the "golden Spaniard", a 
spiny member of the Umbelliferae, was locally abundant as a co-dominant. Apart from A. 
aurea, the inter-tussock vegetation consisted mainly of the herb Hypochaeris radicata L., the 
low shrubs Cyathodes fraseri Allan, Gaultheria depresm Hocric, Pemettya macrostigma CoL 
and Pentacfwndra pumla R. Br., and the grasses Anthoxanthum odoratum L. and Poa 
colensoi Hook. Hiis high-altitude snow tussodc grassland has persisted (xily in areas of New 
Zealand seldom disturbed by fire and intensive grazing (Mark, 1965). 

Sbeep and cattle grazed the study area, but not intensively. Other introduced mammals 
observed in this area during the study were mice {Mus musculus L.), rabbits {Oryctolagus 
cuniculus (L.)), hedgehogs (Erinaceus europaeus L.), cats (Felis catus L.), possums 
{Trichosurus vidpecula (Kerr)), pigs (Sus scrofa L.), hares (Lepus europaeus Pallas) and 
fenets QiusuUi piaoiius L.). Mice, cats, fenels and hawks (Circus approxtnans Peale) are 
die oidy lizard predators known to be present. 

The winter climate in this region is severe, characterised by hard frosts and heavy snow 
falls. The mean air temperature at a site at 1000m a.s.l. on the northern end of the Rock and 
Pillar Range from March 1977 to Fdimary 1979 was S5«C (Holdswoflh, 1981). The summer 
climate is generally more benign, although it snowed in the study area in December 1982. 

Lizards were collected in two ways throughout the 140km^ study area. They were either 
caught in traps at 37 sites, each ranging in size from approximately 16m^ to 30(X)m^, or by 
hand, during the three yean from 13 April 1981 to 12 February 1984 (Hg. 1). Tbe trap sites 
contained from five to 49 i^all \xzp&, which were laid out for at least four consecutive 
weeks. Two types of pitfall tr^ were employed. The first was a plastic container, 9cm across 
the open end and 1 1cm deq), wliich was buried with the top flush with the soil surface. Either 
the trap contained 10% picric add or 10% formalin, which killed die skinks widun 24 boms, 
or else holes were punched in the bottom so that rain vmsx could drain out, and a handful of 
soil was thrown in to attract live lizards for hcnne range determination (c/Barwick, 1959). 
The second type of trap was a 12cm lengdi of 3.5 cm diameter PVC pipe buried upright in the 
grooid Witt one end flndi with the suifaoe. Tbe open base allowed water to dndn away, 
except during exoqitionally heavy lain. 

Home ranges 

1 use the term "home range" to mean "that area traversed by tlie individual in its n(»mal 
activities of food gathering and matmg" {sensu Bmt, 1943). This deflnitionhas tbe advantages 
KiS bemg simple and biologically meaningful. A territory is regarded as an area defended 
against other individuals of the same species (Odum and Kuenzler, 1955). 

I conducted pitfidl trapping to delineate home ranges at three sites wittiin a l(Xte ladhis te 
die stwfy area I assumed that home ranges were similar in the rest of die 140km^ study area. 
Trai^ng was carried out continuously from 31 January 1982 to 2 May 1982, and 28 
September 1982 to 25 AprU 1983 at sites 1 and 3. and from 28 September 1982 to 25 April 
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Rg. 1 - Map o[ pitfaU trap sites widiin ibe study aiea. 



1983 only at site 2. The lelative densities of the dominant plants in the three areas are given 
below. The flgure in brackets is from the cover-abundance index proposed by Braun- 
Blanquet (1932). Site 3 had 50-75% tussock (4) and at least 5% Spaniard (2); site 1 had 25- 
50% tussock (3) and less than 5% Spaniard (+); site 2 had 50-75% tussock (4) and at least 5% 
qxuuard (2). All traps had open tops and were marked with numbered wooden slakes (friven 
into the ground beside them. The traps were placed at intervals of api^oximately Im. 

Skinks were maiiced by the usual method of toe-cUpping. No more than two toes were 
removed from an individual. Each skink was toe-clii^)ed upon removal from a and the 
sDout-vent («-v) lengdi and species were recotded, together with the condition Of die tail 
(degree of completeness). Tbe tnp number was noted, and the skink leleased on tbe ground 
next to Uie point of capture. 
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Befaavioar 

Becaose (tf the difBcdty of dbseivmg sldnks in die wild, 1 

on captive skinks firom October 1983 to April 1984. Sldnks from each of the three species 
were placed inside two 2.3m x 1.0m x 0.4m enclosures within a greenhouse, so that at any 
one time each enclosure contained nine or fewer skinks. Each enclosure contained a 15cm 
deep layer of topsdOi fiom tibe study afea, supporting die usual inter-tussodc vegetadoo |dus 
two pb&n naps placed one at each end, a qianiard and a snow uissock. The tussock in one 
enclosure was 35cm in diameter, and the Spaniard was 48cm in diameter. The tussock io the 
other enclosure was 25cm in diameter, while the Spaniard was 42cm in diameter. 

Activity patterns and habitat prefermoM 

The activity rhythms of the skinks were examined because subtle temporal differences in 
daily activiQr patterns are widespread among lizards, both within and between species 
(Pianka. 1973). 

To measure these patterns, pitfall traps were left in the ground in the study area for 24 hour 
periods on the following dates: 5-6 March (1230-1230) 1982, 28-29 September (0700- 
0700) 1982, 29-30 September (0700-0700) 1982, 9-10 October (0800-0800) 1982, 15-16 
Fdxiiary (0700-0700) 1983, and 21-^22 Maicii (0800-0600) 1983. Tiie traps wetechec^ 
every hour, and captured ddnks leou'ded and released. 

This information was supplemented by 24-hour observations of the three species in the 
greenhouse at various times between 25 June and 15 November 1982, and between 20 April 
and 24 September 1983. 

To qu2mtify tlie dislribuliGn oi the ttuee species in dififeient microliabitats, the following 
four microhabitat categories were employed: (1) grasses, (2) herbs and shrubs, (3) rocks 
resting on soil (henceforward referred to just as "rocks"), and (4) rocks resting on other rocks 
Qienceforward referred to as "rock outcrops"). During February 1983, whenever a skink was 
d^Med in die study aiea, die species was demmined and a description oi die immndiatft 
microhabitat noted. The micraliabitat of skinks that fled fiom me was teooided firom the 
place of first observation. 

Usually a skink's microhabitat was determined without difficulty, but those that were 
captured in oveilapping habitat types were recorded in both microhabitat categories 
(Marcellini and Mackey, 1970). Each animal was counted only once. Chi-squared tests of 
independence were used to detennioe whether interspecific differences in habitat utilization 
were significant. 

Feeding ecology 

The food habits of 210 L. n. polychroma, 81 L inconspicuum and 110 L. maccanni 
individuals were analysed. Most of the skinks (90%) were collected from preservative-filled 
pitfidl traps, pins some by hand (approximately 10%), from 10 October 1980 to 13 April 
1981, 19 October 1981 to 21 April 1982 and 17 September 1982 to 8 June 1983. The animals 
caught by hand were killed with ether and preserved in 10% picric acid or 10% fonnalin. All 
specimens were then placed in 70% ethanol. 

Only prey items dissected firom the stomach were used in die f<dlowing analysis, because 
these were generally intact and easily identiHable. Examining such items in the stomach 
rather than further along the alimentary canal also avoids bias in the prey data towards bard- 
bodied arthropods, which leave more recognisable fragments than soft-bodied ones, and may 
move through the gut at a rate that depends on size (Andrews, 1971). 

Stomach contents were measured under a dissecting microscope fitted with an ocular 
micrometer with 0.1 nun gradations. Prey items from the 401 skinks analysed were identified 
to family level where possible. A few (< 0.5%) of the items were too fragmentary to be 
identified. Prey size was calculated using die method of Fraser (1976), who assumed that 
pr^ ilenis were cylindrical Since moat prey items are iioc exactly this shape, diis ineans diat 
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tiiB ooMrilmtion by vohniie of spbetical prey SDC^ 
more cylindrical itons sndi as wonns. 

Skiidcs used in the prey analysis were divided into three categories for each species: adult 
males, adult females and subadults. "Subadults" were defined as those individuals of a given 
yedes with a s-v length less than the mininnim »-v length of sexuaBy nurture females in the 
same species (40.5mm forL. n. polychroma, 49.0mm forL. inconspicutm and 52.0mm for L. 
maccanm ). "Adult males" and "adult females" were likewise defined as those individuals of 
a given q)ecies with s-v lengths greater than or equal to the minimum s-v length of sexually 
mature females hi the same species. Mafes were assumed to become sexually motive at tte 
same s-v length as females (see Barwick, 1959). 

The SPSS program, KOLMOGOROV-SMIRNOV (Nie and Hull, 1981) was used to test 
prey size differences. The two-tailed Kolmogorov-Smimov (K-S) test was used on data from 
L n. pofychroma collected from areas whexe they were syntopic with either L. inooa^riamm 
or L macauuUt to see if theie weie aoy signifirant differenoes hi prey size distributkMis 
between the peculations. The various sex and age classes were tested for significant differences 
in prey size distributions using the K-S one-tailed test. Differences in head size among the 
skink size classes were tested with the SPSS program. MANN- WHITNEY U (Nie and Hull. 
1981). IhlBnpeci& dififeienoes Id food habits weie tested by 

of ddnks caught in pitfall traps or by hand at six different times of the year. The six sample 
periods were: 1-15 October 1981, 18-29 September 1982, 16-31 October 1982, 1-14 
December 1982, 1-14 January 1983, 17-25 April 1983. At least three individuals of each 
spedes weie canght daring eacdi period with prey items in theb stom^^ 
caused by fluctuating seasonal abundances of pr^ fionilies weie mmhnisflrt 1^ comparing 
only skinks caught at similar times of the year. 

The Mantel test (Mantel, 1967) was used to determine the significance levels of dietary 
differences among the three spedes (Patterson, 1986). This lest indicates whether prey taxa 
overlap values were significantly greater within or between species. The Mantel test is useful 
for comparing prey-taxa data, because it allows the use of variables which arc not independent, 
such as prey-taxa ov^lap values. Prey items identified to the familial level were used in the 
lest, except for die following groups: larval lepidopterans, adult kpidopterans, d^itenms, 
centipedes, milBpedfiS, buries, collembolans, wdiopterans, harvestmeo and pseudo8coi|rioos. 
Each of these groups was classed as a single "morphospecies" because its members, possessing 
similar behavioural and physical characteristics, probably appear similar to the skinks. Also, 
grouping many families logedier hi diis manner produced the statistically desirable result of 
diminating many zero values from the Mantel test. 

The head lengths of 267 randomly selected skinks were measured from the posterior end 
of the interparietal scale to the tip of the snouL The bead width, from the lateral edge of the 
left parietal lo the lateral edge of the right, was also measured. Both measurements were 
taken at lOx magnification under adissectuig microscope fitted widi an ocuhv micrometer 
with 0.1 nmi gradations. 

To detmnine the degree of fluctuation in prey families during the year, five invertebrate 
pc^Milation estimates were calculated between November 1982 and April 1983 (die **census 
period*) firom vacuum samfries (see below). Estunates were made on 18 November 1982, 1 
December 1982 and 15-16 December 1982 (first estimate); 1-3 January 1983 (second 
estimate); 29 January 1983, 2-3 February 1983 and 12-14 February 1983 (third estimate); 
26-27 February 1983 (fourth estimate); 20 March 1983 and 3-A April 1983 (fifth estimate). 
Hie vacoum sam|^ had to be taken over different thne hitervals became of the extremely 
changeable weather in the study area. It was desirable that sampling be carried out in quite 
uniform climatic conditions, and long intervals between samples were often needed to 
achieve these. 

lUc^ two invertebiate census sites of 324m2 were kicated at random widiin a 0.2Skiii' 
subsection of die study area. Six sites were sampled to obtam each of the five faivertdxate 
populatioQ estimates. No site was sanqiled m consecutive estimates. 
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RESULTS 

DbtribotioB and home ranges 

llie dislribalioiis of the ddok qiedes app^^ 
study area. All three qiecies were bapped in only two of ttie 37 leap riles (Table 1), ^Ambku 
16 sites collected only one species. The most common species was L n. polychroma, present 
in all but one site, while the least coomion was L maccanm, in seven sites. No sites caught no 
lizafds. Th»e was oonsiderddB overlap in the hone ranges of all duee apedet. During the 
aeoond period (18-29 SqMember 1982) six animals were iccaptuicd after whUCf within lOm 
ot one of their capture sites recorded in the previous summer. 

Individuals of each species often displayed obvious inter- and intraspecific aggression in 
tlie field and in the greenhouse. Many animals were marked by scars from aggressive 
CDeonien. This behawkw aeeaied 10 be auociaied wilk die deta 

the home range, and consisted mainly of chasing and biting. The defended areas were often 
ba.sking sites, which were chosen according to the sun's movement during the day. 
Occasionally, however, defensive aggression appeared to be associated with particular 
enviramnental features such as rodcs and plaDts. 

In the greenhouse a record was kq>t of aggressive encounters among die diree species 
concurrently wilh the pitfall tn^ping experiment. The .skinks were observed at various times 
of the day, between 0800 and 1700, on most of the days when they were active. Aggressive 
encounters involved one or more of the following actions between two animals: bead- 
butting, chasing, bidng and tail-lashing (the latter usually only in the animal under attack). 
Such encounters lasted about 5-30 seconds, and at least one encounter was seen on 26 days 
during the observation period. Fifty eight encounters were observed in total, involving 11 L. 
n.poty€^inma,tki^L. inconspicuwnvcAXOL, moccoiMiindividDab. No sialic was seen lo 
chase another out of the tussocks, but in S/21 encounters when L. maccanni was die 
aggressOT, the other skink was chased out oi an Aciphylla plant; the same was seen 5/20 times 
when L inconspicuum was the aggressor. None of the 17 aggressive encounters involving L 
n. ;io/ydknNna as die aggresaor were ailed in tibeqwiiafds. 



Table 1 -Distribution of the three qwdeswidifai die Study area (l«i*fi./w(ycAioina. 2 «L. 



inconspicuum. 3 


^Lmaccaniu. 








Site DO. 


Specke 


Aiea(ni*) 


"Rapping period 


Dale 




pRsent 




(weeks) 




1 


1.2.3 


450 


40 


4/82-1/83 


2 


1.2 


300 


23 


11/82-4/83 


3 


13 


330 


40 


1-10/82 


4 


13 


no 


23 


11/82-4/83 


5 


1 


594 


12 


3-5/82 


6 


1 


3130 


8 


2-3/82 


7 


U 


540 


13 


2-5/82 


8 


13 


16 


12 


9-12/81 


9 


13 


430 


28 


1-7/82 


10 


U 


16 


8 


11-12/Bl 


1M6 


U 


324 


4 


1-2/83 


17 


2 


324 


4 


1-2/83 


18 


1A3 


324 


4 


l>2/83 


19-31 


1 




16 


10/83-2/84 


32-36 






16 


10/83-2/84 


37 


13 




16 


10A3-2A4 



* Traps woe in • straight line 
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The sites at iMdk L n. pofychroma was the sole q)ecies caught (nos 5,6,19-31: TakHc 1) 
woe quite dUKomt structurally from die site (no. 17) at which only L tHCOH^icuum was 
coDght For example, during the three-month period in 1982 that pitfalls were at site 5, only 
L. H. pofychroma (26iiidivkiuals) wascaiighL The density of shrubs in this area was less than 
10%(2(»llieBfanD-BlaBqiietiii<lex), amliiietDSMJdcdensiiy (S oniheBfaon- 

Blanqiiet index). By oOBlrast, the relative densities of sbniw and tussocks at site 17 were 75- 
100% and 25-50% respectively (5 and 3 on the index proposed by Braun-Blanquet). A schist 
outcrop within lOOm (tf one L n. pofychroma site was examined regularly over three years. 
Theody^peciesfoiHKlonorbeQekhtherodcsduring these years was iL mocavmi, altbough 
pitfiril tn^M placed in the vidnity cao^ Iwdi II II 

L, n. pofychroma lived in the shrubs and grasses growing between the rocks, while L. 
maccanni lived oo or under the rodss, and L. inconspiamm lived away from ttie outcrop 
altogether. 

Not suprislDgly, the tbree qiedes displayed significant diCfeieiices in micioiuMtat 

preferences. Numbers (and percentages) of skinks seen in various microhabitats within the 
study area are shown in Table 2. There is a significant difference in microhabitat utilization 
between L maccanni and L n. pofychroma (x^ =62.9, d.f .=3, p<0.001); L n. pofychroma and 
L numspieman (x^ «29.8» dil*?, p<0.001); L biamspicuim and L maccami (x^ s20.2, 
d.f.=3, p<0.001). L. n. pofychroma was often associated with grasses (mainly tussocks), 
while the other two species were usually found in herbs and shrubs. Significantly, no L n. 
pofychroma or L inconspicuum individuals were found in rock outcrops, although they were 
often found widlin a few metm of these fotfDRs. Canad obaefvatim 
of these habitat preferences. During this study I spent two summers in a hut on the banks of 
Burgan Stream. Among the many lizards I saw on the bank in front of the hut, I identified 
only L maccanni and L n. pofychroma. On the comparatively level area of tussock grassland 
behfaid and to the sides of die hot I oixeived only L iiiamspiaium and £.. a. pofychroma, 
whereas in the introduced grass around the base of the hut I observed only L n. pofychroma, 
on numerous occasions. There appeared to be a line of demarcation along the top of the 
stream bank, across which L inconspicuum and L maccanni seldom ventured. 

Head sizes 

The Mann-Whimey U test showed significant differences (p<0.05) in head size between 
most sex, age and species classes. Only three comparisons showed no significant differences 
in eidier head length or widdK L a. pofychroma adolt males vs L. a. pofychroma adnit 
females, L maccanni adult males vs L maccamA adolt ftmales, and L, Uuxmspkman 
snbadnlts vs L maccanni sobadidts. 

FacdhigMoloff 

The prey items eaten ranged in size from less dian O.lmm^ to 1200mm^ (this latter item 

was a cicada nymph). The K-S two-tailed tests showed no significant differences in prey size 
distributions between the areas in which L n. pofychroma was syntopic with either L, 



Table 2 - Habitat utilization by the three skink species. Numbers of individuals (percentages 
in paiendieaes) of each spedes in foor ndcrohaMiais. 



Specks MicrahdUtit 

Owwee Heriw Aihiube Rocta RodtOaicrope 

inconspicuum 2(7) 16(53) 12(40) 0(0) 
maccanni 3(5) 33(52) 6(9) 22(34) 
n.pofychroma 34(70) 8(16) 7(14) 0(0) 
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inconspicuum or L maccanni. Jn die only odier type of area aa wluch lizards woe sampted 

for prey analysis, the three species were syntopic, and so all of the i»ey data were pooled in 
tlie K-S one-tailed test (Table 3). One female L inconspicuum contained 41 out of the 134 
prey items recorded fnxn ail adult females. This was most unusual, and the individual was 
removed from the analysis because its inchision would have imduly biased the results. AO 
three species utilized a large proportt(Hi of relatively small prey iteois (Fig. 2). The K-S tests 
show that most of the differences in prey size utilization were between subadults and adults 
(Table 3); subadults ate smaller prey than adults. There were relatively few differences 
between smiilar age classes of the three species. 

Hie skinks ate a laige range of invntebrates, iiidDdiBg insects of most oideis (Failersoo, 
1985). They also ate other skinks; L n. polychroma remains were found in the stomachs of 
the other two species. However, this does not necessarily indicate interspecific predation. 
Only the tails of L. n. polychroma individuals were eaten, probably after becoming detached 
during aggressive enooimten between the skinks. Altlwii^ this beiiani^^ 
directly, it has previously been noted in L zelamSoa n. macamnO by MbCann (1955), 
and in L suteri (Boulenger) by Towns (1975). 

The relative populati(Hi densities of most invertebrate orders, as indexed by the five 
invenebme pcpidatian cstiiMttg. did not vary greatly daring the year, and so stomach 
content data finomaUateds, with piey items dasrified to ordinal 
(Fig. 3). 

Spiders were ttie most important prey group, by number and volume, for L inconspicuum; 
by number for Z.. moccanm, and by vcdume for L il po/ydkmma. Berries were tlie seotnd 
most important prey items by volume for L. inconspicuum and L. maccanni (Fig. 3). L n. 
polychroma and L. inconspicuum ate greater volumes of spiders than of any other prey, 
whereas hemipterans were the most important jn^ey by volume for L. maccanni. This high 
figure for hemiptenms in L maccanni is derived mainly fitom a few very large prey items, 
such as cicadas. 

The results for the Mantel test showed that the frequencies of occurrence of prey taxa in 
the stomachs of L. n. polychroma and L maccanni were different (p<0.001); the same 
^plied toL inamsiricuimmAL maccanni (p<O.QS). There was no significant diflference fai 
Ae pattom of prey taxa utilization between L n. polychroma tadL inconspicuum. 

The hours during which skinks were caught in pitfall u^ps are shown in Table 4. These 
activity records were standardized to "time since sunrise" (Pianka, 1973). The figures 
indicate diat die duee species were acdve at similar times d the day; but if diere were any 
differences in their activity rhythms, not enough spednnens were caught to detect them by 
this method. However, skinks observed in the greenhouse and in the study area di^)layed no 
discernible differences in these characteristics. 



Table 3 - Statistical significance levels of prey size utilization for paired conqiarisons of 
skink age and sex classes (K-S one-tailed test). M - Adult males, F = Adult females, S » 
Subadults. n.p. « L. n. polychroma, inc > L. inconspicuum, mac « L. maccanni. 
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N.S. 


p<0.01 


p<0.05 


N.S. 


N.S. 


N.S. 




mac(F): 


N.S. 


N.S. 


N.S. 


N.S. 


N.S. 


N.S. 


N.S. 


mac(S): 


p<0.001 


p<0.001 


p<0.001 


p<0.001 


p<0.001 


p<0.001 


p<0.001 p<:0.001 - 
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NIdM overlap 

Becaose activity times differed 

relatively little among L. n. 
polychroma, L. inconspicuum and 
L maccanni, the temp(M:al niche 
dtmenskm is not oonsidefed fuftfier. 
ADCordingly, only two resooces - 
microhabitat and prey size - are used 
in the present study to estimate total 
niclie overiap (TaUe 5). Overiap was 
calculated for prey size by 
ai^)roxiinating prey size distributions 
using Weibull curves (Manly and 
Patterson, 1984). This technique 
avoids the jritfalls oi subjectivity 
described by Schoener (1968). 
Values for the food niche overlap 
calculations are based on prey size 
data described eariier. Microhabitat 
overlap was calculated using 
Schoener' s (1968) index. Since the 
two resources are probably 
independent (oilfaogond), lotalnicbe 
overlap is likely to be the product of 
the separate unidimensional overlap 
measures (May, 1975). Using prey 
taxa in calrnlating total nidieoveriap 
for generalist of^rtunist predators 
leads to false results, since this 
dimension is related either to prey 
rize or to microhaMtat, and dierefoie 
is "included" in their overliq) values 
(Krzysik, 1979). Accordingly, I did 
not calculate overlap values for prey 
taxa. However, an estimate of the 
relative degree of mtdap by i»ey 
taxa between species pairs can be 
derived from the Mantel test. This 
dwws a large overlap in prey taxa 
utilization between L n. poUyt^aoma 
and L. inconspicuum, less overlap 
between L. inconspicuum and L. 
maccanni, and much less overlap 
between die remaining species pair 
(see under **Feeding Ecology" 
above). 

As expected, the prey size overlap 
values paialleled those derived from 
the Kolmogorov-Smimov one-tailed 
test. The only low overlap values 
found were for L. maccanni 
subadults compared with ifae otber 
classes, and reflect the relatively 
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Table 4 - Skink activity times 



Time since sunrise Number caught 



(brs) maccanni inconspicuum n. potychroma 



0- 1 

1- 2 

2- 3 

3- 4 1 

4- 5 1 

5- 6 3 14 

6- 7 1 2 

7- 8 3 

8- 9 1 1 

9- 10 2 

10- 11 11 
11 12 2 1 



TaUe 5 - Values of multiplicative total nicbe overlap 2dA its components for the three skink 
species 



Species pair 


Microhabitat 


Prey size 


Total 


IL potychroma 


- inconspicuum 0.373 


0.970 


0.362 


n. potychroma 


- maccanni 0.304 


0.855 


0260 


inconspicumi - 


- tnaccanni 0.(),56 


0.845 


0.554 



large number of small prey items eaten by L maccanni subadults. 

The food and microhabitat oveiUq;) values for each species pair are given in Table 3, 
togelber witb die multiplicative KNd niche ovei^ 

is between L. maccanni and L. inconspicuum. However, the observed differences in 
microhabitat preference were large, and were the main leasoo for ttie low niche overiap value 
in all comparisons. 

DISCUSSION 

Aggressive bduivkmr 

Although aggressive bdbaivioor was lecoided in tliese sUnks, extensive overlapping 
home ranges (Patterson, 1985) suggests tiiat their aggression was not directed towanis 
defending the entire home range, but rather towards defence of specific areas within the 
home range. Fighting has often been noted in otfier skinks, such as the Australian species 
Sphenom/^phus kosciuskoi (Heatwole, 1976). Territorial exclusion among adults by aggressive 
beiiavioar has been previously observed in New Zealand skinks, including Sphenomorphus 
pseudomatus McCann {-Cyclodina omata (Gray)) (Fawcett, 1964), L. moco (Dumeril and 
Bobron) (Whitaker, 1968) and L suteri (Boulenger) (Towns. 1975). The interspecific 
^feiences in aggressive belwvioiir noted in itae present suidy appeared to be related to 
different liabitat preferences. 

Separation of species by habitat 

The distribution of species by habitat appeared to be primarily related to the physical 



Hg.3-IVyiiae(vdtam>€tflNBttiBcnhicmilHnietws)ieio<^ 

MK duset. Upper: L a pefyeknmoi MBddiK L AwompletiMM; Lower L macoamd. 
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structure of the environment, as noted in previous studies <tf babitat selection in lizards {eg 
Sexton et a/., 1964 and Heatwole, 1966). 

I found that the tliree species in the study area could be identified by colour pattern. All 
three had stripes running die length of the body* but in inamspiaaim and L maccamU 
these were broken and often indistinct, whereas in L n. polychroma they were always clearly 
defined (Patterson, 1985). In L. n. polychroma, a preference for tussocks associated with 
stioag sthping would be an adaptive combination, and is the same in specimens taken from 
tussock grassland fai odier parts of die range <^ die sdwpecies, but not in odier habitats 
(Patterson and Daugherty, 1990). 

The differences in prey taxa between L. maccanni and the other two species is also 
associated with different habitat preferences. For example, among the beetles eaten by all 
duee vecies, a larger proportion eaten by L maccanni were sdrtids than in the other two 
spodes. Scirtids have aquatic larvae, and the adults are found near streams. Most L. maccanni 
qwdmens were obtained from gullies, which usually had streams at the bottom. Only a small 
proportion of individuals from the other two species was collected from these areas. Because 
move than 50% of L. n. polychroma specimens were obtained from areas where they were 
syntopic widi L inconspicuwn alone, diis could explain why L. n. pofydtroma di^layed a 
significant differeiKre in prey taxa utilization compared with L maccanni. Allotopy could 
account for the similar &{fexeoce between L inconspicuum and L maccanni. However, the 
diffevmcebetweoiL n.po/ycJknMna and Lmooramii is significant at p< 0.001, whereas dw 
difference between L incons^ciam and L maccanni is significant at only p < 0.05. This 
indicates that the prey differences were not due solely to microgeographic factors. Hiey may 
be caused by differeiu foraging strategies, or competition (see l)ek)w) for example. 

Community strnctare and tihe aivoiduioe of competition 

Lizard species are usually separated by more than one niche dimension (Schocncr, 1974). 
Niche separation between several other New Zealand slcink species is based on food, 
microbaMtat, and activity time (Whitaker, 1968; Gill, 1976). Odier studies of lizard 
communities (summarized in Sclioener, 1974) indicated diat partitioning ci microhabitat and 
food (size and/or taxa) was the most important factor minimizing conqietition in lizard 
communities, and thus contributing to stable coexistence. 

In the present study, the differential utilization of habitats and food (size and taxa) also 
appears to be primarily reqioasibk to redudng Ofvedap among die ^ledes in die study area. 
L. n. polychroma and L. inconspicuum lived syntopically tliroughout a large section of the 
study area, despite extensive overlap in food utilization by taxa and size. Micrc^abitat was 
die only nictie axis along which the two species differed significantiy. This segregation of 
species by microhaUtat appears to be caiised pardy or soldy by inlerqiecific aggression, 
which was noted in all tliree species in the wild. In the greenhouse experiment, L. inconspicuum 
and L maccanni individuals chased L. n. polychroma individuals out of Aciphylla plants, 
wliereas tiie reverse was not observed. L inconspicuum and L maccanni were more often 
found, hi the fidd, hi herbs and shrubs than was L n. polychroma. Therefore, it is probaUe 
that L iL polychroma was actively prevented from occupying mioxrfiabitats other than 
tussocks by the other two species (resource partitioning). This hypothesis is strengthened by 
tlie observation tiiat L n. polychroma lives in habitats other than tussock grassland in 
locations v/ben tiie odier species are not present, such as ttie North Island. 

Specific site defence was also noted in disputes between L inconspicuum and L maocamUt 
but its effects are hard^ to detemiine than when confrontations involved L n. polychroma and 
the other two spede&. L inconspicuum and L maccanni were generally allotopic, whereas die 
otter two spedes pairs woe generally syntopic L maccanni was usually found In gullies, 
wiiereasIkMco/upicuiBRwwgeaefByyinmanopenareas. AtleastoneoftheateswiMieiL 
inconspicuum and L. maccanni were syntopic appeared to be a boundary zone between the two 
pq>ulatioas. The data arc consists widi competition dieoiy: hatutat sq)arati(xi may reflect 
ecok)gical or evolutionary adjustments designed to redttoe ttw i i p e t hl wi (Paesa and Sfangart. 
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1979). Support fir this bypotbesis ooracs fion the fiKt that the total overlap between L 

inconspicuum and L maccanni vm greater than that between tbe other species pafas. lUs 
unifies that axnpetitive exclusion was most likely to occur between L inconspicuum and L 
maccanni. One of the aims of this study was to observe competitiQn occuning in tbe wild. It 
proved almost impossible to observe taneiBpedlic interactions in Ifae field, bat I consider the 
greenhouse environment to be an accurate replica of the ddnks* BMnl environment The 
interspecific aggression I observed could be interpreted as interference competiti(». Therefore, 
although I did not achieve the origiDal aim of studyii^ behaviour in the field, I believe the 
experinientdenionslnitBS a high pfobdiilily of oinpef^^ 

In a snrvey at oonmiunity studies Tcrft (1985) found that competition was never the sole 
cause of resource partitioning in c(Mnmunities. It is, however, difficult to demonstrate that 
factors other than c(xnpetition are also operating to produce resource partitioning in the lizard 
guild I s&idied. The species are so similar morphologically, physiologically and behaviourally 
that my dififioenoestliat one might suggest as responsibfe for the observed niche different 
are probably so minor as to be virtually undetectable by experimental means. The New 
Zealand lizard fauna contains many examples of species guilds, including several more 
diverse than the Roclc and Pillar assemblage (Whitalcer, 1968; Newman and Towns, 1985; 
Tcnim «f oil, 1985). These are genetaUy on northern offihoie islands, but there is a g^ 
six congeneric skinks and one gecko species at Macraes Rat in the South Island (Towns et 
ai, 1985) that is in habitat very similar to the Rock and Pillar Range. UnfcMlunately, there has 
never been a detailed ecological study of this guild; but it loolcs as though there is little habitat 
overiap between species (Ibwns «f 02., 1985). An syneodoglcal studies so fitfd^ 
Zealand skhdc guilds (Gill, 1976; Porter, 1987; Southey, 1985) have detected niche differences, 
mainly along the habitat axis. Although Southey saw no interspecific aggression, he noted 
siq)erficial scars on his lizards, apparently caused by inter- or intraspecific fighting. 

Character displacement 

An observation supporting competitive exclusion is a pattern of community-wide character 
displacemmts - patterns of equal spacing in the size of some character, such as jaw length. 
These difliewaMies are fiequenUy assumed to have resulted fiom coevtdutiQn (one q)edes 
becoming larger, anoUier smaller) to reduce interspecific competition by minimising the use 
of shared resources (Strong, 1983). Although evidence for character displacement has come 
£rom regular and/or laige size differences in otherwise sympatric species (Sdioener, 1982; 
Dayan «r oil, 1989), die cause of these pallenis is stiO uncertain (Phnm and Gitdenun, 1990). 
The only traditional mon^ological indicators of coevolution measured in the present study, 
head width and length, differ between L n, polychroma and the other two skink species by 
ratios of 1 : 1.1. Unftmunately, diis size difference does not correspond with prey size 
distributioDS. Iheie were fisw significant Interspecific diflBfeiices in prey size iHiHnHmi 
between equivalent age classes, and diose dififerences that existed were not always ocndaied 
with bead size: L n. polychroma adult females have smaller heads, but ate larger prey, dian 
L maccanni adult males. Also, L. maccanni subadults ate smaller prey than subadults of the 
other species, but have heads similarly sized to L inconspicuum subadults, and larger heads 
ihmLH.pofydinma9dtmMtA. 

Earlier studies have also shown diat the relationship between skink bead size and prey size 
is variable. Witiiin Anolis species, for example, larger individuals ate larger food items tiian 
smaller individuals (Schoener, 1968). Pianica and Pianica (1976) showed that head length was 
ooifdaled vrHh prey size in Austndian gedoos. Lai:ger species tended to eat larger prey than 
smaller species. However, Schoeno* and Cknman (1968) found that animals with identical 
bead lengths from two Anolis species ate prey of different sizes. These observations illustrate 
the importance of finding out about the acuial ecology of an animal before drawing conclusions 
based on only one set of ecological indicatofs, such as head sizes. Staioe I found no direa 
fpfarifWifMp between head size and piey size in the Otago skinks, I conclude Uiat head size 
differences are mdikely to liave arisen through ooevolntion within this skink cximmnnity. 
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Many qiedes of small veitebfates, inctnding sldnks, have become extinct in recent times 

due to predation by introduced mammals such as kiore (Worthy, 1991). These vanished 
species may have contributed to the lizard community structures observed today (Connell's 
(1980) "ghost of ccHnpetition past"). However, there is little evidence that conmiunities such 
as the (nes I obseived were more diverse in the pest On the omitrfflry, the opening up of the 
tussock land by browsing and grazing herbivores has possibly allowed colonisation by new 
lizard species. 1 therefore propose an origin other than coevolution for the size distribiuioa of 
the species I observed, which also exfdains bow their habitat preferences arose. 

A new hypothesis 

Hardy (1977) suggested that New Zealand skink populations, geographically isolated 
during glaciations, subsequently became rqxtxluctively isolated Then in post-glacial periods, 
die newly-fSoiiiied species reinvaded the areas fonneriy occupied by the parent species. 
Current species distributions are consistent with this theory. 

Although populations could have mixed along the coastline, it is interesting to note ^SaatL. 
maccanni and L inconspicuiun are very seldom found in this habitat today. 

Gladatlon is not tibe only factor diat might have caused populations to become isolated 
Towns et aL (1985) point out that species could have differentiated much earlier than Hardy 
proposed. Populations may have become isolated during mountain-building before the ice 
ages, or in uissock islands separated by fewest bef(»e or during the ice ages. The slunk species 
I studied have occasionally been found in foiest,bm only in smaUpodcets of opai bosh 
no undergrowth (Patterson, pers, obs.). Spedadoo could have oocmied in a geolQgically 
brief time under these conditions. 

Paters(Xi (1978, 1980, 1981, 1982) proposed that mmbers of a species share a common 
qiedficHDHtt lect^gnilion system (SMRS), winch ensures mati^ within a populatioD occupying 
its piefened habitat Hie characters of the SMRS are adapted to fimctioo efficiency in this 
preferred habitat. A new species arises when all members of a small, isolated subpopulation 
of aparental species have acquired a new SMRS, which makes effective signalling impossible 
between membo^ of the daughter and parental populations. Species-q)ecinc characters, such 
as head size and habitat pieferences, devdop in lite isoiaiBd 8id)poputo 
short period of adaptation to the prevailing conditions. Then the species spreads throughout 
its new habitat. Species descended from the same stock may often differ only in minor ways 
due to differences in the habitat in which speciation began. Behavioural characteristics might 
then become more pfononnoed when ifae species boundaries overiap, auisfaig DMMt, if not ail, 
of the ecological differences in the Rock and Pillar conununity, for example. 

Although Paierson's ideas are not widely accepted, and there is no evidence that an SMRS 
exists fcH^ the skinks in the present study, 1 think that it is unlikely that species such as L. n. 
pofyckmma and L fnam^ricman could Hve syntopicaHy widioat possessing a means of 
avoiding interspecific mating. More research is needed on tlie eodogy of New Zealand 
lizards to determine the validity of my hypothesis. 
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New Zealand fur seals at the Antipodes Islands 

Rowland H. Taylor* 



Hie Antiiiodes Islands (49° 41' S, 178° 47' E) were discovered in 1800, and their once- 
abundant flir seals exterminated within 20 years. It wu over ISO years before tfiese 
animals were once more regularly found at the islands. Since die 1950b, New Zealand 
fiir seals, Arctocephalus forsteri, have slowly increased in numbers, and now about 
2000 (mostly yearlings and older juveniles) visit the islands each year in late-summer, 
altliougb there are far fewer in winter. Veiy few bleed at the Antipodes; seven pupi 
found in 1985 were the first recorded there this century. The history of fur seals at 
Macquarie Island is very similar to that at Antipodes, but both contrast with the far 
mom r^iid icooimy in inmben of fte wait dtoewhen 

been argued that the original fur seals of these two island groups may not have been A. 
forsuri, but a species more vulnerable to sealing, and this suggestion is re-examined 
nd discaned. An alleroalivc hypothesis is presented: that the two iilands may never 

have supported large breeding populations of fur seals, of any species, but rather were 
traditiooal hauling grounds for many thousands of juvenile New Zealand fur seals. 

Keywords: Arctocephalus forsteri, A. tropicalis, A. gazella, exploitation, popuUtttoH neavtry, pcpulatiHH 
characterittics, breeding status, the Upland seal. Antipodes I., Macquarie /., Subantatctle 

INnUMMJCnON 

New Zealand fur seals (Arctocephalus forsteri) are now increasing around New Zealand's 
coast and southem outlying islands, following massive exploitation dtiring the 19th century 
(Crawley, 1990). However, numbers at two traditional fur seal strongholds in the regicHi, the 
AntiixKles flMlMacqiiarfeldands, have beeD very akmtore^^ 1979; Shanghiiessy 
and Fletcher, 1987), while those elsewhere, including the Bounty, Snares, and Open Bay 
islands, and many on the Stewart Island and Fiordland coasts, are growing fast (Wilson, 
1974, 1981; Crawley and Wilson, 1976; Taylor, 1982, 1990; Crawley, 1990). Hie reasons 
behind dieae oontcasls are open to apecidation; so is the specific identity Ol Hbe so-called 
''Upiand" fur seal, recorded by early scalers from the Antipodes and Macquarie islands 
(Lesson, 1828). It has been suggested that the Upland seal was probably not A. forsteri, but 
either the subantarctic fur seal (A. tropicalis) or an undescribed and now-extinct species 
(Fdb, 1948; Shangbnessy and Fteldier, 1987). 

This paper summarises and discusses the discovery, exploitation, local extincticxi and 
recent recolonisation of fur seals at the Antipodes Islands (49° 41' S, 178° 47' E) based on 
historical inftxmation and field work carried out during seven expeditions to the islands 
between 1969 and 1990. For seal nomencJafure follows Ridgway and Hanison (1981). 

ANTIPODES ISLANDS 

The Antipodes Islands are of volcanic origin, and lie about 740 km south-east of Duncdin 
and 220 km soudi of their nearest neighbours, the Bounty Islands (Fig. 1). They became pan 
of New Zealand territofy hi 1870, weie dedared Flora and FEnina Reserves in 1961, and 
reclassified as Natwe Reserves tinder the Reserves Act 1977. 
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Fig. 1 -The position of theAiil^odM«ndottierfoiitlwmidaidi,MltfivetottieNew2Seala^ 
and ooeanogr^ihic feabiras. 



The islands comprise one main island of about 2025 ha and six small islands and islets 
(Fig. 2). llie main island is a broken, undulating plateau with tiflls rising to neariy 400 m. On 
botfi die slopes and tbe liiglier country die vegetation is mainly tnssodc inter^)ei8ed widi 
patches of sedges, fems, herbaceous plants, and low shrubs. Only at Reef Point is there an 
area of gently sloping ground adjacent to the shore. Elsewhere, the coast is bounded by very 
steep slopes and cliffs from 20-150 m high. In places the cliffs are honeycombed with sea- 
caves of idl si2«s. Ottier conspicuous features of die slMieline ate stadcs and ofife^^ 
deep narrow coves, smooth rock ledges, wave-cut platforms, steq) tumbledown (talus) 
beaches, and a few short relatively shehcred beaches of small rounded boulders. The 
lopognqihy and vegetation of the islands are described by Waiham and Johns (1975). 



Copyrighted material 



Tai^r -- Ftir seals at the Antipodes Islands 109 



The Antipodes Islands are sunounded by waters ccMa than those about the odMa* New 
Zealand islands. They He dote to the Subantarciic Front (Rg. 1) in a zone wfaeie tuffooe 

water of relatively low temperature and salinity is driven northwards around the eastern side 
of the CampbeU Plateau by the West Wind Drift (Heath, 1985). 

PREVIOUS KECCMRD6 OP SEAI^ AND SEAUN6 AT THE ISLANDS 

Discovery and exploitation 

The Antipodes Islands and their then-teeming fur seal population were discovered in 1800 
by Captain Wateftaome of HMS Reliance. Throngbout the next quarter century, numerous 
sealers frmn Australia and North America called at the Antipodes, and well over one hundred 
thousand fur seals must have been taken. It is impossible to estimate the total kill with any 
accuracy. On many sealing voyages it was the practice to unload gangs on various soutiiem 
istands as well as oo the New Zealaiid mainhnd coast, and the tally of ddns brought to 
Sydoey at the end of each voyage often iqweientcd the yield fiom more dian one locality, 
^so, deliberate misinformation on the source of seal skins was often spread to mislead 
competitors (McNab, 1907; Hall-Jones, 1945; Cumpston, 1968; Kerr, 1978). However, one 
sealing gang left at the Antipodes hi 1804^ took dose on 60^000 dtW anil there is aniple 
documentation that these islands were among the richest fur sealing grounds in tlie sonttieni 
hemisphere (Allen, 1899; McNab, 1907; Fanning, 1924). 

Rapidly declining catches, and the discoveryof the Auckland Islands in 1806 and CampbeU 
SDd Macqnarie IslandB in 1810, appear to have soon diawn Ae focot of the sealing trade 
away from the Antipodes, and almost nothing was reooided Qi sealing voyages there aflar 
1807. Judging from McNab's and Cumpston's well documented accounts, litUe credence can 
be given to the often quoted (£.g., Sherrin, 1886; Allen, 1899; Thomson, 1927) report of an 
old Sydney sealer 'ihat in two yean (1814 and 1815) no less tfian 400,000 sidns were 
obtained from Pennantipod, or Antipodes Islands alone"; for by then the fur seal populations 
of all the islands south of New Zealand were becoming depleted, and about 5000 skins in a 
voyage could be considoed a good haul (McNab 1907; Cumpston 1968). In 1825, William 
Stewart visited die Antipodes Idaiids widi die sdioanerfrNWie qf/)iri0narft during a 6nioiidi 
search for a cargo in New Zealand waters. Notwithstanding Stewart's 20-year experience 
with New Zealand's southern islands and sealing, the voyage was a failure ami he returned to 
Sydney with only 450 seal skins (McNab, 1907). Obviously, the southern fur seal trade was 
virtually flnished. 

Extinction 

The Antipodes, along with other islands south of New Zealand, were visited by parties 
searching for ship-wrecked mariners in 1865 and 1868. Although published reports of these 
voyages ^fonnan and Musgnve, 1866; Armstrong, 1868) comment on die mimal life, 
vegetation, and "necessaries of life" available for castaways at the various islands, they do 
not mention seals at Antipodes Islands. During August 1880 the William and Jane landed a 
sealing party at the Antipodes, which soon returned with the news that seals wo^ not to be 
found. Later in the same year seven sealers firom the sdiooner Al^rt were left ashore fiom 20 
September to 7 November without finding *^ sign of a seal upon die island** (Cumpston. 
1955). 

In 1886 a castaway dqxH was built on Antipodes Island and thereafter visited twice yearly 
by New Zealand (jovenmient vessels. No seak were reported seen at the islfflids by ccmp^^ 

observers during any of these visits {e.g., Fairchild, 1886; Reischek, 1888; Chapman, 1891; 
Carrick, 1892; Joyce, 1894; Lukins, 1896; Nonnan, 1918; Cockayne, 1904; Plunket, 1912; 
Waite, 1907; Archey, 1923; Oliver, 1927; Guthrie-Smith, 1936) unUl the service ceased in 
1927 (Falla, 19S0a). No seals were found by survivors of die wredc of the Spirit of the Dawn, 
vdio qient three months (4 September to 30 November) at Antipodes Island in 1893 
(Anonymous, 1893), nor by the shipwredced crew of die Prisident Filix Fauri who were 
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there from 13 Match to 12 May 1906 (Anonymous, 1908). It is thus adequately documented 
diat within a few decades of the discov^ ol the Antipodes Islands, the onoe-abmidant for 
seal herds had been exploited to extinction. 

In February and MsoKix 1926, the Antipodes Islands were visited by R. H. Beck and other 
members oi die American Museum of Natural History's staff in die "Whitney Soudi Seas 
Expedition" ship France. They reported, for the first time, a few elephant seals (Mirounga 
leonina), but no fur seals (Beck, 1928). The United States Coast Guard Icebreaker NorT/iwim/ 
spent two days surveying the islands in early March 1947. Although parties were landed and 
helicopters flew over, no Inr seals were seoi (Rear Admiral C. W. Thomas, pen. comm., 
1972). 

Itocolonintion 

seals may have visited the islands occasionally after 1890. In 1891, the Antipodes 
weie visited by sealers during a two montti (July and August) open season '*widi some lesoir 

(Chqnnan, 1893; Wilson, 1893). Captain Bollons (1927) summed up his experience of many 
years on Government Steamers visiting the island: "At the Antipodes seals are rarely seen. 
The indiscriminate killing in season and out of season in the early days of sealing had the 
inevitd>le result of annihiiation of the species'*. 

In 1950, a scientific expediticMi searching for fur seals remained at the islands from 4-10 
November, and although the whole of the east coast was carefully searched and points on the 
west coast examined from the sea during a drcunuiavigation of the island, only one old male 
fur seal was found adiore hi Rhigdove Bay (Fdb, 19S0a, b^ c). 

In Nov^ber 1962 and January 1965 staff of the New Zealand Oceanographic Instttuie 
made landings at Reef Point, where a few fur seals were sighted (E. W. Dawson and K. 
Lewis, pers. comm., 1972). When the Research Vessel EUanin called at the Antipodes on 3 
January 1967, for seals were more numerom; P. Harper (pers. comm., 1972) otMOved a few 
hundred in the area of Reef Point and Stella Bay. My examination of {rfKXographs of fur seals 
taken during diese visits shows the animals to be mostly yearlings and sub-adults. 

OBSERVATIONS ON FUR SEALS IN 190, 1978» 1983, 1985, 1969, AND 1999 

Methods 

I have studied fur seals at Antipodes Islands on each of five visits: 28 January to 10 March 
19(i9; 9 Nofvento to 5 December 197S; 1 - 8 Match 1985; 3 - 8 Decendter 19^, fl^ 

December 1990. In addition, fur seals were counted by members of the crew of HMNZS 
Otago in early April 1983, and by Carey (1990) during mid-October 1990. 

I observed the diurnal ihythm of fur seals ashore at Reef Point and Stella Bay between 
05.00 hours and 19.(X) hours oa 19 and 28 Felmiary 1969, to help interfxet counts made at 
different tfanes of day. Most of my odierobsefvaiians were made between 09.00 and 16.00 
hours on days with good visibility. I divided the coastline into defined sectors (Fig. 2) and 
counted the seals in each. Whenever possible I cla.ssificd fur seals as pups, yearlings, or 
others. Sometimes the "others" could be sub-categorised, but I did not attempt to identify the 
sexes, except die adult males. 

I defined pups as young seals still in their dark natal coat, i.e. , less than 4 months old. 

Since the yearling groups were such a conspicuous feature of the population in 1969, I 
made a special effort to identify this age class in subsequent years. The yearlings were 
dtstingnidiable by didr size (under one metre long), rounded heads, short pale coats, and 
habit of often assodaiing together in omipact groups both while ashore and in the water. 
True yearlings would have been about 14 months old during the 1969 and 1985 expeditions, 
and about 12 months okl in 1978 and 1989. However, it is likely that sub-adults in their third 
year were sometimes ]daoed in this category. 

Searching procedures varied between the expeditions and were as follows: 

1969: Between 28 Januaiynd 10 March, widi help firom Brian Bell, I searched die 
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Fig. 2 - Antipodes Islands, thowing die mb-diviiioiis med for oountiiig New Zealand Air sedt, and 
k)cationi mentioned in the text 



entire cxMsdine of the main islaiid^dttaerwM^ 

oring binoculars. We also scanned oS-$bon islets and toda. Many areas were searched 
twice during this period. 

1978: I counted seals between 9 November and 5 December both from the sea, using 
small boats, and by landing. The survey included all outlying islets and stacks. On 20 
hk>vember, I comied seals tkxtg the exposed coast firom Albatross Point to the Windward 
Islands from a helicopter. AU areas were searched at least twice during the expeditiOD, firstly 
in the period from 9 to 20 November and again on 29 and 30 November. 
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Fig. 3 - Diurnal variation in the total number of New Zealand fur seals (a and b) tad yMfUOfl (c) 
ashore near Reef Point, Antipodes Island, on 19 and 28 February 1969. 



1983: 9 April. Fur seals were counted by RNZN personnel from rubber dinghies and 
from tiie land between AndKMage Bay and die soudiem end ot Crater Bay. 

7955: Helped by Richard Sadleir, I counted fur seals at Reef Point and in Stella Bay 
from the land several times between 1 and 4 March, and on the north and east coasts (from 
North Cape to Albatross Point) from a rubber dinghy on 3 March. I searched the remainder of 
tbe ooBStljbie, induding aU {rffshcKe islets and stad^ froaiabdfioopleron4Mafdi. 

1989: I counted fur seals at Reef Point and Stella Bay from the land several dmes 
between 3 and 8 December. I searched closely the rest of the east, north and west coasts and 
all islets, with numerous landings, from a rubber dinghy on 4 and 7 December. I checked 
(widi less predsioo) the deposed soutti coast from tbe MS Southern Cross on 7 December. 

1990: Carey (1990) counted fur seals between Anchorage and Crater Bays in the 
period 12-16 October. On 12 December I checked closely the south-east coast of the main 
island, from Leeward Island to South Bay, from a rubber dinghy for signs of iMreeding fur 
seals, but did not tftenqH to malce a census. 

Results 

During February 1969, the highest numbers of fur seals were asbcH:e in the early afternoon 
(Fig. 3), as is the case elsewhere among non^medbig seab on haaling-grounds (Stirling, 
19^; Crawley. 1972). but the proportion of yeadings was bigiiest at 07.(X) hours. These 
observatkns oonfimied die wisdom of confining oenras ooonts 10 between 09.00 and 16.00 
hours. 

Results of sU censuses of to seals MAnti]xxlesldands are summarised in Table 1. 
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Fig. 4 - Seasonal variation in all censuses of New Zealand fur seals at Antipodes Islands from 1969 to 
1990 (•) oonxpmA with flie monthly variation in nrnnben of fur seals on North Head Peninsula, 
Macquarie Island, during 1981-82 (continuous line). Antipodes Island values for April and October 
were estimated from incomplete censuses in 1983 (see text) and 1990 (Carey, 1990). Macquarie Island 
data are firon Shaagbnessy and Fletcher (1987). 



1969: In February/March about 1,100 New Zealand fur seals were present. About 
46% were small yearlings, but there were no pi^>s or olber evidence of fur seals breeding 
locally (Taylor. 1969). The number of seals present increased by aiboiit 40% between eaily 
February and early March (Fig. 4). They were concentrated along the sheltered eastern shore 
between North Cape and Albatross Point, and (mly 47 were found on other parts of the 
coastline. 

1S7^. The first counts, between 9 and 20 Noveniber, revealed 91 New Zealand fiir 
seals, but by 29 November new animals boosted this number to 277 (Fig. 4), 54% of which 

were yearlings (Taylor, 1979). Numbers were still increa.sing in the vicinity of Reef Point 
until the expedition departed on 6 December. I saw no evidence of breeding and, although 
two or three mature bulls displayed territorial behaviour, only a few females were in the 
vicinity and there were no signs of haiem foimation. The yearlings were ooncentniled at Reef 
Point, the south end of Crater Bay, and to the north of Ringdove Bay (Fig. 5). At all of these 
sites there were flatlish rocky shelves, easy access to higher ground, intertidal pools and 
sheltered water. One male A. tropicalis was ashott near Stella Bay (Taylor, 1990). 

1983: On 9 April, 152 New Zealand for seals were counted on the north-east coast 
between Anchorage Bay and the south end of Crater Bay. I have rouglily estimated that about 
270 (range 180 to 560) seals were then at the islands, based on the percentage of the total 
population found in this area during other censuses. 

1985: I couDledatoial of 1,747 New Zealand fur seab on the entire coastline during 
the period 1 to 4 Mach, of which at least 60% were yearlings. On the west coast (Fig. (9 most 
were in tumbledown areas below the cliffs, whereas on the southern coast nearly all were on 
smooth rock ledges. The greatest numbers (1,400), including most of the young seals, were 
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Fig. S - A typical haulout site of yearling and juvenile fur seals in North Ringdove Bay, Antipodes 
Island. 




Fig. 6 - Mirounga Bay, on the west coast of Antipodes Island. Relatively few fur seals haul out on this 
coastline. 



hauled out on the sheltered eastern side of the island. Fur seal pups were receded for the first 
time; seven (all A. forsteri) were found at Reef Point One of the smallest had a curvilinear 
length of 700 mm, indicating that it was about seven weeks old (Mattlin, 1981). 

1 989: I counted a total of 245 New Zealand fur seals between 3-7 December. Nearly 
all were on the eastern side of the island. None was seen along the south coast, but sea 
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conditions did not allow a really close inspection there so it is possible that a few others may 
have been present Yearlings made up over 60% of all seals seen. At Reef Point, four adult 
males were attempting to hold taTit(^s, but only one had a harem group of three females, 
and dieie were veiy few odier adult females in the afea 
Reef Point (Taylor, 1990). 

1990: Carey ( 1 990) counted 1 4 New Zealand fur seals in the Anchorage Bay - Crater 
Bay sector during mid-October, which suggests that the total populaticn was less than 50 at 
tlitt time. Nfost of the fiir seds I saw <m 12 December were juveniles, a^ 
of tenitocy-hokfiug bolls, harem groups, or young pups along the 7 km section of coast to the 
south and west of Leewaidlsland. 

DISCUSSION 

Recent recolonisation 

Perhaps the most interesting feature of the fur seal population at the Antipodes Islands, 
when compared with all other populations in New Zealand territory, is its very slow recovery 
from past e)q)k>itatkm. For example, at the Bowty Islands, which are only 220 km to the 
north and where New Zealand fur seals were also exterminated during the sealing period, 
they have been breeding for at least 100 years and have steadily increased to over 20,000 
(Taylor, 1982; and unpubl. data). By contrast, Uie vast majoity of fur seals at the Antipodes 
are stUl non-breeding visitors. Most seals at the Antipodes Islands are yeariings and Juveniles, 
which build up in numbers tiiroughout die siunmer to a peak now reaching around 2,000 in 
March (Table 1). Breeding adults are stiU rare, and only a very few pups have been born at 
the Antipodes in recent years. 

Ihe situation at the Antipodes Islands is dosely paralleled at Anstndia's Macquarie Is^^ 
(Fig. 4), where New Zealand fur seals arc present year-round, but do not breed. At Macquarie 
an influx of mainly young animals pushes fur sead numbers to a seasonal high between late- 
January and early-April (Gwynn, 1953; Johnstone, 1972; Shaughnessy and Fletcher, 1987). 
Ihe fur seal population there has gradnaOy faicreased fiom idxwt 176 in 19S0 to 1,222 hi 
1982 (6% per annum). When the index of abundance used at Macquarie Island (the maximum 
annual count of all animals between mid-February and early-April: Shaughnessy and Fletcher, 
1987) is applied to the Antipodes Island coimts (Table 1), it a[^ars that the Antipodes 
population has increased at a slower rale of under 4% per year, from 1 ,020 in 1969 to 1 ,747 
hi 1985. 

There could be many reasons why New Zealand fur seals are not breeding successfully at 
the Antipodes and Macquarie islands, but the most obvious relate to winter feeding conditions. 
If food is scarce around die istands hi wtaiter, then cond^oos may become marginal {<x the 
survival of nursing finnales and pups. Kfost A. Jbrsteri pups are weaned by July or August 

(Crawley, 1990). 

Around mainland New Zealand, A.forsteri feeds mainly on arrow squid {Nototodarus 
sloanii), oaopus {Octopus maorum) and fish, although their diet varies seasonally (Street, 
1964; Tate, 1981). It seems that very few squid are avaiUible to fur seals in southern New 
Zealand waters during winter (July to September), when conmiercial catches (weight caught 
and catch rate per b^wl) decline by over 80% (Roberts, 1979). This winter period marks a 
change in habits of adult squid, when they spawn, possibly shift to deeper waters, and die at 
the end erf ttieir yearly life cycle. Also, it is die time when most squid in the next generatira 
may be out of the seals' feeding range, or too small to be taken readily by seals (Tate, 1981). 
Near Dunedin, arrow squid was virtually the only cephalopod eaten by seals from February 
to May; in June, octopus became important, and rapidly rq^aced squid as the major cephalopod 
food (Tbib, 1981). Octopus 2dso ttve off the Bounty IslflDds, Snares bfa^^ 
subantarctic islands, but have not been found hi die colder waters of the AnH^iodes or 
Macquarie (D. Homing, pers. comm., 1978). 

In die subantarctic. New Zealand fur seals also eat penguins (Bailey and Soroisen, 1962; 
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Table 1 - Total numbers of New Zealand fiir seals and percentage of yearlings counted at the 



1969 (31 Jan-lS Fd>) 1969 (22 Wb-lO Mar) 

Total Yearlings Total Yearlings 



Locatkw 


seals 


n 


% 


seals 


n 


% 


BoUons I 


0 


0 


0 


6 


0 


0 


Anchorage Bay 


11 


0 


0 


38 


0 


0 


Reef Pt/Stena Bay 


S15 


330 


64 


260 


44 


17 


Clrater Bay 


101 


5 


5 


230 


many 


- 


Alert Bay 


32 


3 


9 


71 


12 


17 


Leeward Coast 


2 


0 


0 


68 


Mone 


— 


North Ringdove Bay 


22 


0 


0 


78 


2 


3 


South Ringdove Bay 


12 


0 


0 


260 


2 


1 


Albatross Point 


0 


0 


0 








Albatross - Islets 


0 


0 


0 








Islets - South Bay 


0 


0 


0 








South Bay & Peninsula 


10 


0 


0 








SoothmreiCCoMt 


1 


0 


0 


9 


0 


0 


Stack Bay 


0 


0 


0 


0 


0 


0 


Cave Pout • Qnie Lees I. 


21 


0 


0 








KffiiDungaBqr 


7 


0 


0 








NW Coves 


0 


0 


0 








TOTALS 


734 


338 




1020+ 







Green et cd., 1990). Both species of penguins at the Antipodes Islands, the erect-crested 
(Eudyptes sclateri) and rockhopper (£. chrysocome), leave the islands during the winter. 
SimiJarly at Macquarie, the departure of the fur seals in April and May coincides with the 
dqwrture of the abundant smaller penguki species, die rockhoppers and royal penguins {E. 
chrysolophus). Of the two penguin species remaining at Macquarie island during the winter, 
the king (Aptenodytes patagonica) is too large to be likely prey for the fur seal, while the 
gen too (Pygoscelis papua) lives there only in small numbers (Csordas and Ingham, 1%5). 

For seals are generally shallow divers. For six qwdes the mean dqxb of dive has been 
measured at around 40 m, with maxima seldom exceeding 170 m ((jentry and Kooyman, 
1986; Croxall et al., 1985). Physiological and behavioural evidence suggests that New 
Zealand fur seals also feed close to the surface, or on the bottom in relatively shallow water 
(Street, Wells, 1977). Compved with aU odier sidMntB^ 

Zealand, both the Antipodes and Maoqnaiie islands are surrounded by deep water close 
inshore. The smaller shelf area would suggest that benthic food may be less available. Such 
a OMiclusion is ansistent with the findings that, during sununer, New Zealand fur seals at 
Macquarie Island feed mainly on pelagic fish and penguins, and seldom on bentfdc fish 
(Green et al., 1990). 

Very little has been recorded on the winter distribution of pelagic fish in the immediate 
vicinity of the Antipodes and Macquarie islands. However, it is perhaps significant that the 
Antipodes avifauna lacks the blue-eyed shag (Leucocarbo sp.), an inshore-dshing species 
resident on most other southern New Zealand continental sbdf idands (Wioham and Bell, 
1979). 

Tlw Ufilaiid scnl: a disliiict specks? 

FsDa (1948, 1962, 1965) found fi«noniieai|KM»yaootmnls of early sedii^ac^^ 

the Antipodes and Macquarie Island.s "were traditionally the scene of the largest slaughter in 
the decade 1810 to 1820 and tradition further states that the seals of these two islands had a 
superior fur and were known as the 'Upland Seal'." He pointed out that despite the 
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Antipodes Islands (locations as shown in Fig. 2) 

1978 (9-20 Nov) 1978 (29 Nov) 1965 (1-4 M«ch) 1989 (3-7 Dec) 



Total 
seals 


Yearlings 
n % 


Total 
seals 


Yearlings 
n % 


Total 
seals 


Yearlings 
n % 


Total 
seals 


Yearlings 
0 % 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


0 


2 


2 


100 


7 


0 


0 


54 


41 


76 


5 


0 


0 


26 


20 


77 


53 


30 


57 


73 


26 


36 


37 


20 


54 


33 


30 


91 


112 


80 


71 


377 


338 


90 


90 


76 


84 


3 


0 


0 


10 


0 


0 


97 


68 


70 


15 


0 


0 


2 


0 


0 


8 


0 


0 


260 


201 


77 


8 


0 


0 


12 


10 


83 


43 


38 


88 


262 


224 


85 


55 


45 


82 


1 


0 


0 


23 


3 


13 


265 


142 


54 


24 


12 


50 


0 


0 


0 


1 


0 


0 


12 






0 


0 


0 


0 


0 


0 


1 


0 


0 


70 






0 






0 


0 


0 


1 


0 


0 


55 






0 






0 


0 


0 


2 


0 


0 


35 






0 






0 


0 


0 


0 


0 


0 


50 






0 






2 


0 


0 


2 


0 


0 


60 






0 






2 


0 


0 


4 


0 


0 


35 






4 


0 


0 


1 


0 


0 


4 


0 


0 


42 






5 


0 


0 


7 


2 


3 


5 


0 


0 


0 


0 


0 


2 


0 


0 


91 


64 




277 


151 




1747 


1040+ 




245 


153-1- 





indiscriminate exploitation of fur seals by die early sealers, these islands were the ''only two 
localities in the region where stocks were completely wiped out". He concluded that the seal 
involved was possibly the Kerguelen fur seal (A. gazella) or the Amstadam Island fur seal 
(A. tropkalis) and *iiot die Ifew Zeabod fur seal whidi oocuiried die test of the [New 
Zealand] aiea and still siirvives in fidr nniiibefs''. 

When reporting the occurrence of a stray A. tropicalis at Macquarie Island in 1959, 
Csordas (1962) referred to Falla's findings and similarly suggested that the original stock on 
Macquarie md Antipodes Islands must have been relatively more vulnerable to sealing than 
were New Zealand fur seals, and may have bdonged to the tropicalis group. Csordas stressed 
that "if the sealers being laymen and without taxonomic training, were able to distinguish two 
types of seals, then there must have been a notable difference between the two groups". 

An early reference to the "Upland SeaT' was published by Lesstm (1828) and translated 
into English by Hamiltoa (1843) as follows: Ihe Americans lepad many seals as fiir-seab, 
which are unknown to naturalists, and are quite distinct Thus, according to them, the fur-seal 
of Patagonia has a bump behind its head; that of California is of very large dimensions; the 
Upland Seal, or that which reb^ats far from shore, is small, and exclusively inhabits the 
MMqoarie islands aiMl Pennantipodes; and fhiaOy, diat of die soodi of Ne^ 
and (Ustinct characters". 

Shaughnessy and Fletcher (1987) have discussed the identity of the original seal of 
Macquarie Island. They concluded from the fact that some of the seal population was ashore 
during wii^ when Macquarie Ishmd was first dlscoveied, and £rom what is now known of 
A. gazella* s habits elsewhere, that the Upland seal was unlikely to have been that species. 

Since Csordas's (1962) sighting of a male A. tropicalis at Macquarie Island in 1959, a 
small breeding population of that species has established there (Shaughnessy and Retcher, 
1987) and two sin^glefs have been found at die Antipodes, in 1978 and 1989 (Taylor, 1990). 
As suggested by Csordas (1962), these records could be interpreted as the UpUmd seal 
rediscovering its old haunts (Falla, 1965; Shaughnessy and Fletcher, 1987). However, as 
pointed out by Shaughnessy and Fletcher (1987), stragglers of A. tropicalis are not limited to 
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Macqusaie and Antipodes Islands. Furthennore, I would argue that since A. gazella and A. 
tropicalis would have been well known to the Anglo-American sealers, from their voyages to 
the South Atlantic and Southern Indian Ocean islands, they would surely have recognised 
dther sqwdes at Antipodes and Maoquarie islands. 

Shaughnessy and Fletcher (1987) considered that the Upland seal was not likely to be A. 
forsteri from Lesson's (1828) description of the seal as "small" and having distinct characters 
fiFom the fur seal of southern New Zealand. They concluded that although "A. tropicalis is 
mofe likely to have been the l^^riand seal dian A. gazella cr A. Jbrsteri, the possiUlity remains 
that it was another, extinct species of fur seal". 

These hypotheses could be tested if subfossil remains of fur seals were found on the 
Antipodes or Macquarie Islands. UnfcMtunately, "a terrain of coastal rocks badked by peat 

beds is a poor preservative" (Falla, 1965), and no usefiil bones liave yet been discovered 

at either island (Falla, 1965; Sbanglmessy and Fletcher, 1987; pers. obs.). 

However, there is no strong evidence that the Upland seal was a distinct species, confmed 
to the Antipodes and Macquarie Islands. If the seals on these two islands were so distinct in 
character firom other southon fur seals, it is rather suipising that this was recorded only in 
Lesson's (1828) text, and not in the many conlaiifXMary sealing leooids leviewed by 
Cumpston (1968) and others. Although Macquarie Island r^utedly "abounded with pups 
only" when it was discovered in winter 1810, their numbers may have been exaggerated, for 
as few as 827 appaa to have been taken by eight men in the flrst 10 weeks of sealing on the 
island, fitom 18 July to 2 October (CimqMloii, llNS8>.RnllKfmoie,tbetqM)cted presence <rf 
so-called "pups" is not proof that seals were breedng at die island, for Aese could have been 
yearlings bom elsewhere. 

The Uphmd seal: an alternative hypotikcab 

Hie alternative hypothesis presented here is that the Antipodes and Macquarie Islands 
may never have supported large breeding populations of fur seals of any species, but rather 
that they were hauUng grounds for hundreds of thousands of juvenile New Zealand fur seals 
migrating each summer from breediiig rocdoeries at the Bounty, Chafham, Anddand, and 
Campbell islands. 

Reasons for this suggestion are: 

(i) Such a summer migration of yearling and juv^iile A. forsteri was recognised at 
Macquarie Island in 1950 (Gwynn, 1953), and apparently still continues there (Shaughnessy 
and Fletcher, 1987) and at the Antipodes Islands (present study). 

(ii) Following the onslaught of sealing throughout the New Zealand region. Antipodes 
and Macquarie were the only islands from which fur seals disappeared completely and failed 
to return for many years. As breedmg populations <tf New Zealand fur seals at the Chathan^ 
Bounty, Campbell and Auckland Islands dedined to low levels, there would be no pressures 
on non-breeding animals to migrate away from these rookeries during the summer. Fur seals 
took well over a century to re-p(^>ulale the Antipodes and Macquarie islands, and this re> 
pc^Niladon ooffcsponded with an exponential increase in numbers at many odier breedfaig 
growds (Crawley and Wilson, 1976; Taylor, 1982). 

(iii) The "Upland seal" was said to retreat "far from shore". "Uplands" is a traditional 
NcMlh American sealers term for those areas which are inland from the breeding grounds of 
northern fur seals (CaUorhinus ursinus), and where pups and juveniles congregate while the 
rookeries are occupied by breeding adults (Shesrin, 1886). Ftv histance, Harvey (1^ 
concerning the behaviour of the northern fur seal at the Pribilof Islands that "the younger 
males are [vevented from landing [at the breeding rookeries] by the older, and are compelled 
either to stay in the water or to go to the uplands". It seems Iflcely that the tenn "Upland seal" 
could simply have referred to an age dass widi distinctive habits (Pig. 7) rather than lo a 
separate species. The yearlings and juveniles of most southern species similarly congregate 
away from the rookeries during the breeding season (Bonner, 1958, 1968; Crawley, 1972; 
Wilson, 1974; Condy, 1978; pers. obs.). For New Zealand fur seals, three types of colonies 
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Fig. 7 - Upland seals? A group of juvenile New Zealand fur seals above Crater Bay, Antipodes Island, 
9 November 1978. 



have been defined: breeding rookeries, hauling grounds, and immature colonies (Wilson, 
1974). To some extent, immature colonies are seasonal phenomena, although they always 
contain mainly young seals and very few adults during summer. The population composition 
at Antipodes and Macquarie Islands is similar to that described for immature colonies 
(Wilson, 1974). 

(iv) The Upland seal was said to be smaller than the fur seal of the south of New Zealand. 
Adults of i4. gazella or A. tropicalis are not noticeably smaller than adult A./omen, whereas 
a population of predominantly juvenile seals would obviously be so. 

(v) It was claimed that the Upland seal had a "superior fur" (Falla, 1965). According to 
Backus (1889) the "best" fur seal pelts came from an age class known as "prime middling 
pups", with a length of about three feet This is the size of New Zealand fur seals during their 
second year of life. 

From my reasoning summarised above, I conclude that the Antipodes and Macquarie 
island fur seal populations were seen by early sealers as different from those of southern New 
Zealand simply because they were made up predominantly of yearling and immature seals - 
age groups which were known to them in the North Pacific as "Upland seals". 
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Status and tongevity of the toatara, Sphenodon guntheri^ and 

Duvaucel's gecko, Hoplodactylus duvauceUiy on North 
Brother Island, New Zealand 

Midiacl B. Tbompson'*', Charles H. DaughertyS Alison Cree'^ Debbie C. FrenchS 
JaM C GiUivhaiii* and Richard E. Bwwicl^ 



A berpetological survey in January 1988 of North Brother Island, Cook Sirait, New 
2^aland, found populations of the tuatara {Sphenodon guntherl) and three species of 
lizards (Hoplodactylus duvaucelii, Hoplodactylus maculatus, and Leiolopisma 
UneooceUatum). Tuatara on North Brother I. are significantly smaller than Sphenodon 
pmcumu 00 oMuby Stephsiu bluid, nd die eitbiiated demily of 134yh« in good 
habitat is lower than reported on Stephens I. The total adult population size of tuatara is 
estimated at <300 adults. Two of the captured tuatara had been toe-dipped, one in 1957 
and one in 1959. One J¥. ifMvaHoctti. toe-d^iped in 1958, had not gro«m In the 29 
sin(% flrst capture; it was probably at least 36 yeaiidd.1hiiaiiqriepnaentllieloa|ert 
documented survivorship of a lizard in nature. 

Key words: tuatara, 5phenodon guntberi, SpbeaodoB pmrtalus, DmMmed'a ^dto, HoplodacQfliis duvanoeiii, 

datsity. New Zealand, North Brother L 

INTRODUCnCW 

The Brothers are a group of small islands in Code Strait, New Zealand. They are steep, 
windswept and support little vegetation ^>ait from low shrubs on a few sheltered faces, and 
herbs and grasses elsewhere. North Brother I. (41** 07'S; 174** 27'E) has an area of about 4 ha 
(Newman, 1982), and a lighdioi»e. It also has p(^xilations of tuatara, Sphenodon guntherit 
and of three species of lizards, the geckos Hoplodactylus duvaucelii and H. maculatus, and 
the skink Leiolopisma UneooceUatum (Barwick, 1982; Newman, 1982). AH dieae iq>tiles are 
endemic to New Zealand. 

H. duvaucelii was the siil»)ect of an intensive popnlatico study fiom 19S7-S9, when 301 
individuals were uniquely marked by toe-clipping (Barwick, 1982). At the same tune, 21 
tuatara and seme H. maculatus were also marked. A subsequent visit in 1968 permitted 
recovery of two previously marked H. duvaucelii, resulting in a minimum age estimate for 
one of 19 yean OSaiwick, 1982). 

North Brother I. supports the only known population of 5. guntheri, and is an important 
refuge for H. duvaucelii, which, since its extinction on the mainland, is now restricted to 
islands, most of which are off the north coast of the North 1. In Cook Strait, H. duvaucelii 
survive on only seven islands, and die other species tualaia, S. puncuttus, aa only four. The 
status of popidations of H. duvauceUi in die Cock Strait legion has not been investigated 
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since the woik of Barwick. Aocoixfingly, we oondocled a hopetcriogical survey of Nbfdi 

Brother I. to: (a) confirm the continued presence of tuatara and lizards on the island; (b) 
assess the size (correlated with age: Dawbin. 1982a) structure of the tuatara population; (c) 
locdc for evidence of continued successful breeding of tuatara; and (d) try to locate any tuatara 
or geckos madnd in die 1950*s to <4)Cain fivdier inftamntkn on die kjqgevity of diese 
spedes. 

MATERIALS AND METHODS 

Thesorvey was conducted from 21 to 24 January, 1988.0naRival. wemadeadayligte 

reconnaissance of the wbde island to est^lish likely search areas and to locale sites where 
reptiles had been caught in previous surveys by Barwick. During our three nights on the 
island, we caposred by hand ail tuatara and large H. duvaucelii observed. We focused on large 
ladier dian small H. duvaucelU because of our imeiest in le c a pt u t i ng animals marked 30 
years ago. When time pennilled, some large H. maculatus were also examined for previous 
marks. Our capture effats were concentrated primarily on the area studied in detail by 
Barwick (1982), but die entire island was surveyed at least once at night during the visit 
During tiie day we noted the presence and approximaleflibundance of L UneooceUatum, hat 
conducted no other studies on this qiedes. 

We recOTded the cloacal temperature of each individual S. guntheri and H. duvaucelii 
caught, and the air temperature approximately 5 cm above the site of capture with a cloacal 
diennometcr (made by Miller ft Wdiber Inc, NY, USA). An Ueotifying nmnber was wiioen 
on die flanks erf each individual widi a felt-tipped pen; die capture point was maike^ and the 
animal was taken to the field laboratory. There, each was measured to the nearest 1 nrni with 
a ruler [snout- vent length (S VL), vent-tail lengUi (VT), and length of regenerating pcvticn 
tail, if any (R)], weighed to die nearest gram widi a spring balance, and examined for toe- 
dips. lAunailoed animals were uniquely macked by toe-clipping. Blood saii^)Ies for genetic 
analysis were taken from the caudal artery or vein of both tuatara (Daugherty et al., 1990) and 
geckos (Hitchmough, wqiubl. data) using a syringe and needle. All individuals were returned 
to their point of capture as soon as possible after processing (<3h), except for two If. 
duvaucelii taken to be deposited as voucher specimens for the National Museum of New 
Zealand, after study in the School of Biological Sciences, Victoria University of Wellington. 

On the second and third nights, any tuatara marked previously by us were noted so that a 
population estimate could be calculated using a modified (weighted mean) Petersen mediod 
(B^on, 1979). AH tuatara seen in die main reardi area were caaghc and processed, exoqx for 
three that escaped down burrows; that is, there was no deliberate selective capture. Juveniles 
were seen and captured infrequently, and our estimates of density exclude the few juveniles 
we encountered. Only tuatara caught in the main search area at the top of the island (about 1.7 
h^) were included hi the anal^ of density. Equal catcfaabilUy of indivkluab in die popd 
was tested by comparison of our captures widi a tnmcated Poisson distribution ushig 
(Caughley, 1977). 

Data on size distribution of tuatara were compared with data collected on S. punctatus on 
Stephens I (by M3.T.) fai October 1985 usmg a G-test (Sokal and RoUf, 1981). In die 

Stephens I. sample, all adult females encountered (n = 239) were included, but large males (n 
= 70) were preferentially collected over small mates. All were measured in the same way as 
those caught m Ncuth Brother I. 

RESULTS 
Tnatan 

D«a were recorded on 1 12 5. gffiiiften' (70 nudes, 35 females, 6 juveniles, and 1 hai^^ 

Animals were considered juvenile when the secondary sexual duraderistics (Le., relatively 
large head and well developed crest with fleshy base in males; small head and small crest in 
fiemales: Dawbin, 1982a) were not sufiicienUy developed to allow sex to be detemiined. 
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Table 1. Measurements of size of two tuatara and one gecko marked in the 1950s and 
leovtmed in 1988 on North Brother I. SVL « snoot-vent length; VT « vent-taU length; R « 
length of tail regeneratioQ. 



Species/ sex 


Date 


SVL 


VT 


R 


Mass 






(nun) 


(mm) 


(mm) 


(8) 


S. gtmtheri 


22-S-57 


197 


1S4 


68 


283 


female 


21-1-88 


197 


158 


69 


240 


S. guatheri 


25-«-S9 


102 


108 


0 


42 


mak 


21-1-88 


174 


191 


0 


225 


H. duvaucelii 


18-5 58 


111 


111 


0 


40 


femik 


2^1-88 


109 


100 


43 


42 



One female tutfan maiked hi 1957 was recaptured (Table 1 ). Our measurement of SVL gave 

an identical figure (197 mm) to the measurement taken 30 years pieviously. We assume she had 
reached fiill size when first c^tured. A male tuatara maiked in 1959 was also recaptured (Table 
1). He had grown 72 mm in SVL in 28.5 years, an average rate of 2.5 moi/yr. 

Ilieinodal size class (SVL) ctfadnlt female tuatara on North Brother L is 20 mm smaller 
than that of tuatara on Stq>bens I. (Fig. 1), and the population size structures of the females 
on the two islands are significantly different (G{7] = 60.48, p < 0.001; Sokal and Rohlf, 1981; 
ccunparison based on eight 10 mm size classes bossx 160 mm upward, n = 34). Although no 
sfanilar assessment can be made for nudes, becanse of die selective sampling <» StephNis 
the maximum SVL for both sexes on North Brother I. is at least 20 nun smaller than on 
Stephens I. (Fig. 1). The largest male collected on North Brother I. had a SVL of 246 mm, 
and the heaviest weighed 655 g; the largest female was 213 mm and 323 g. 

lYnlBra m die population were equally calchable (x^ « 2.912, di. s 2, p > 0.10). Hie 
weighted mean Petersen estimate of population density was 227 individuals (s.d. = 59) foe 
our 1.7 ha study area, or about 134 tuatara per ha. To estimate the total adult peculation size 
Ux the entire island, we assumed that (a) the total area of high quality habitat (c. 2.2 ha) had 
the same density of tnatan as die study site; and (b) die density of tuatara on die remahider of 
the island (c. 1.8 ha) was extremely low (we saw only one in this area). Our calculations 
exclude the one hatchling we found, as is done commonly in other estimates for tuatara, 
because it is usually impossible to avoid inadequate sampling of young animals Newman, 
1986). Our seardi ana oontahied most <tf die prime halritat on Ndfdi Brother I., ue. it 
included die area covered by low growths of Coprosma repens and Hebe q>. Thus, die 
density of adult tuatara we estimate to live on our study site cannot be extrapolated to the 
entire area of the island {Le. 4 ha x 134 tuatara/ha). Rather, we consider Uiat there are 
prcrfiably fewer than 300 adult tuatara on North Brother I. 

in November-December 1987, a resident lighthouse keqier recorded nesdng activity of 
tuatara on North Brother I. in open areas adjacent to buildings and on tracks that are within 
the area vegetated by low shrubs. We examined these sites in January 1988, and found one 
nest containing live eggs, and two shells full of material assumed to be faeces of an 
taveiieibtaie piedalor or scavenger. 

J7. duvaucelii 

The 22 H. duvaucelii (10 males, 1 1 feooales, 1 juvenile) Uiat we measured are not a random 
san^ie, because we concentrated on collecting large animals which may have been marlced 

in tte 1950s. Many other specimens were examined for toe-clips and released immediately. 
We found one female that had been toe-clipped as an ^ult in 1958 (Table 1 ). Our interpretation 
of die field notes of R.E. Barwick from 1958 indicates that we located this specimen wiUun 
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ISMSO 16M70 171-180 1SM80 191-200 201-210 211-220 221-230 231-240 
SNOUT -VENT LENGTH (mm) 



20 — 1 




161-170 171-180 181-180 181-200 201-210 211-220 221-230 231-240 241-250 251-260 

8NOUT-VENT LENGTH (mm) 

Fig. 1 - Above: Size distribution of female tuatara from Stephens I. (n=239) and North Brother I. 
(n=3S). Below: Size distribution of male tuatara from Stephens I. (n=70) and North Brother I. (n=70). 
Shaded bars, Stephens I.; open bars, North Brother I. 
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5 m of die aUe wbat H was arigbiany captured, possibly oo die same lock. It had lost and 

regrown its tail, but had not increased in S VL. We feooided a 2 mm reduction in S VL (Table 
1), but such a small deviation from the original measnement is widiintbe liniits of measormg 
I accuracy for this species (Barwick, 1982). 

OHmt Hiu'df 

H. maculatus was obsCTved frequently in the study area at night. Many L. lineoocellatum 
were observed basking on paths, walkways, and exposed rocks during the day. However, no 
attempt was made to estimate numbers of these species. 

Body temperatures 

I Body temperatures of tuatara and geckos captured between 2140 - 0325 hrs New Zealand 

Daylight Saving Time were usually within P C of ambient air temperature. The range of 
body tempeiatiifes was 9.S - 18.2" C 

, DISCUSSION 

I 

I Stains cfpopalatioiis 

Results of our survey indicate diat North Brother I. coDtinoes to siqqxvt ^iparently 
1 healthy populations of three species of lizards, L. lineoocellatum, H. maculatus and 

H. duvaucelii. The high total numbers (probably several hundred), and apparent extreme 
kngevity of A dim»c«^\ confiim tbat Nbrdi Brodier I. most 

idiige of conservation importance for this species, 
i The density of tuatara in our study site is low (227 individuals/1 .7 ha) compared with 

; estimates for S. punctatus of 41S/ba (Carmichael et al., 1989) and 480/ha (Crook, 1975) in 

sheep pasture on Stephens L, and 1,618/ha (Newman, 1982, 1987) and 2,01S/ha (Catmicfaad 
{ et al., 1989) in forest on Stephens I. The average density over the whole ofNofdi Brodier I. 

is likely to be even lower, as much of the remaining area is bare rock. 

Although (Hily 7 hatchling or juvenile tuatara were caught, their presence conflrms that 

tuatara are rqwoducing successfully on North Brother I., and that the level of recruitment 
{ mayberelatiWiyhigh. HatcUfaigfliidjiiveniletnataniarecaptu^ 

j even on islands where recruitment is well documented (Newman, 1986). On some islands 

recruiunent may be suppressed entirely by Polynesian rats, Rattus exulans (Dee and Daugher^, 

1990). 

The densities <tf Inaiam are not only lower on North Bnidier L than on Stqihens L; 

are also notable differences between individuals on the two islands. Most tuatara on North 
Brother 1. exhibit the very vivid white or hght green spots on a greenish background to which 
the specific name "punctaius" refers. This colour pattern is relatively infrequent on Stephens 

I. , where a great tn^ of bad^roand ccAxMioB (e.f.. green, brown, biaclE, pink, rust) and 
pattern is found. Tbatara on North Brother I. are also generally smaller than on Stephens I. 
On Stephens I., S. punctatus attain maximum size in 25-35 years (Castanet et al., 1988), or 
possibly twice that (Dawbin, 1982a). By these criteria the female S. guntheri that we 
re cap tu red on North BnMher I. that had been nunfced in 1957 was at least 60 years old, 
although it had a SVL 17 nun smaller than the mean size of the smallest mature S. punctatus 
from Stephens I. Using the growth rate estimated by Dawbin (1982a) for S. punctatus from 
Stephens I., the recapuired male S. guntheri would have been at least four years old when 
madced in 1959. Hence, at a minimum age d 33 years, it was probably still growhig, as it was 
theseveadi smallest male in our sample of 70. Thus, tuatara on North Brother I. may grow for 
a longer period than found by Castanet et al. (1988) (ot Stephens I., who therefore disputed 
£)awbin's (1982a) longer esthnate of the growth period. The alternative explanation, that 
there is a great range of slses at sexnal maturity, we consider unlikely; S. punctatus on 
Stephens I. shows no such ranges of sizes (Dawbin, 1982a). 

The reason for the observed difference in size and the possible difference in growth rate. 
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betweoiS'. guntheriaalktltBniexthmidS.punctatusfiom 

differences could be species-spedfic, but this is not likely. H. duvaucelii is not found on 
Stephens I., but individuals of this species on North Brother I. are substantially smaller than 
on northern islands. This was attributed by Barwick (1982) to a possible latitudinal effect of 
tempefatiiie. However, the difiRsiences hi the dze cf tuataia of North Bxotfier 1. taaAci 
St^iens I. are unlikely to result from temperature diffieienoes, because die islands afe at 
q^roximately the same latitude and within sight of one another. 

However, there are important differences between the two islands. For example, canopied 
fofest is ixesent only on Stqibens I. This difiference m habitat may afif^ 
abundance of prey for tuataia. The impodant dietary items of tnatara on Stephens I. (Walls, 
1978, 1981) are beetles, some other invertebrates, lizards, and fairy jsions, which are also 
abundant on North Brother I. However, tree weta (Hemideina crassicruris), a large arthopteran 
and a {Peered food item for tuatara (Walls, 198 1), are much scarcer on North Brother I. than 
on Steiiliens I. (MoDer, 1985). We saw no liw welaon North Biolfaer I. Ib^^ 
in size and growth rate of tuatara on Stephens I. and North Brother I. cannot be attributed to 
species identity before the influence of food abundance and/or quality is investigated. 

Longevity 

Our most impwtant result is the recapture of one H. duvaucelii 29 years and 8 months after 
first capture. Age to sexual maturity for the species on North Brother I. is seven years 
(Barwick, 1982). Therefore, this individual must have been at least 36 years ok! when 
recaptured. The previous estimate of maximmn longevity for H. dkivoucefii in nature was a 
full-grown female first maiked in 1956 and rec^tured in 1968, when it must have been at 
least 19 years old (Barwick, 1982). Our minimum age estimate extends this record by 17 
years. A lengthy lifespan may be generally characteristic of the genus Hoplodactylus in New 
Zeahmd; a minimum estimate of longevity in wild H. maculatus on mainland New Zealand is 
17 years (Anastasiadis and Whitaker, 1987), and up to 33 years in captivity (Meads, 1982). 

Apart fr(xn the data on H. maculatus (Meads, 1982), the 36 year lifespan for H. duvaucelii 
is more than 20 years longer than any longevity records reported for lizards in the more 
benign oonditions of captivity (Bowler, 1977). Ibe only lifespan known to us for a 
lizard is for a slow worm, Anguis fragilis, that achieved an age of 54 yean in c^tivity 
(Schmidt and Inger, 1957). Longevity in nature is difficult to assess, because field studies 
seklom follow marlced individual lizards for decades. Equally remarkable is the recapture of 
the H. duvaucetU at virtually the same loadon at vMA it was first mailced, infficating a 
tenacious site fidelity. 

The long lifespan of tuatara has been well documented (Dawbin, 1982a), as have its other 
unusual attributes (Dawbin, 1982b). The discovery of very long life expectancy in H, 
duvaucelii, wiiich has a geographic distribution similar to that of tuatara (Picfaffd and Towns, 
1988), reinforoes the suggestion thai further studies of lizaids should be unplemenied for 
comparison with tuatara living in the same habitat (Saint Girons, 1980; Cans, 1983). 

Long lifespan in a protected species also has consequences for conservation policy. As in 
many other long-lived animals, tuatara reproduce relatively infrequently (Cree and Daugherty, 
1990) and so may require extremely long periods to recover £rom reductions in numbers 
resulting from a disturbance (e.g. an invasion of rats onto North Brother I.). As an island 
reserve of high importance to several taxa of endemic New Zealand reptiles, and containing 
the only known population of S. guntheri. North Brother L will require the highest level of 
oonservatioo pnitection in tiie future. 
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A comparison of Jurassic marine benthonic faunas from 
South America and New Zealand 

S. £. Damborenea* and M. O. Mancefiido* 



A direct comparison of Jurassic marine bivalves and brachiopods from the Murihiku 
tenane of New Zealand and the Argentinian-Chilean basins indicates that fauna! links 
between equivalent fades settings of die two regions were even stronger than previously 
acknowledged. Some faunal elements usually regarded as Maorian endemics are also 
present in South America, particulariy during the Early Jurassic (Aratauran and Uniroan) . 
]liOddfeJorassie(Tflaiaflm)inoocramid sequences siiaietey darner forming 
a latitudinally distinct stock. Two successive Retroceramus lineages that repeat general 
moipbological treads are now recognized in South American and New Zealand Middle 
and Late Jdnsdc deposits, providing new data on oomltfion at die Temailran - 
Heterian Iwundary. Since 0ie New Zealand local stage tysim was based mostly on 
bivalves, as ammonite faunas are sparse, information from accurately dated Argentinian 
faunas will help improve correlation with the International Standard. From a 
paleogeographical point of view, the remarkable degree of faunal exchange suggests 
the existence of suitable neritic habitats along the margins of Gondwana and is also 
relevant to the issue of the provenance of New Zealand terranes. 

Keywords: Palaeozoology, bivalves, brachiopods, Murihiku terrane, Andes, Early Jurassic (Aratauran, Ururoan), 
Middle Jurassic (Temaikan), Retroceramus, New Zealand. Argentina, Chile, palaeogeography, Gandwanaland 

INTRODUCTION 

There has been considerable debate about the c(Xifiguration of crustal blocks along the 
southern rim of the Mesozoic Pacific and (he provenance of the pre-Cretaceous tenanes that 
make up modem New Zealand (HoweU, 1980; Bishop et al., 1985; Hallam. 1986; Biadshaw. 
1989). An tanportant line of evidence for paleogeogiaphic relationships is die composition of 
shallow water marine invertebrate faunas. Although South American and New Zealand 
Jurassic benthonic faunas have often been considered in global paleogeographic syntheses 
(HaUam, 1977, 1986; Holder, 1979; Stevens, 1980. 1990; Ager, 1986; Crame. 1986. 1987; 
AgerandSim. 1988), die Snmasliave never beeDO(»i|Mied in dei^ by KMne^ 
knowledge of both regions, so important similarities have been missed. This paper reports the 
first direct comparison of Jurassic marine invertebrate faunas from the Murihiku terrane of 
New Zealand and the Argentinian - Chilean basins of South America. 

Hiis review is based on examinalkn ot coBectioia boosed at Otago University (OU) and 
Auckland University (AU) and additional materials held at Lower Hult (New Zealand 
Geological Survey, N2X}S) and Christchurch (Canterbury Museum), supplemented by field 
work in the North and South Islands. South American material referred to is mostly held at La 
Plata Natnral Sciences Mosenm (MLP), bat representative casts and molds, induding some 
of the figured specimens, have been deposited in AU (bivalves) and OU (brachiopods). 

Jurassic bivalves from New Zealand are relatively well-known, brachiopods less so 
(Trechmann, 1923; Marwick, 1953b; Speden, 1970; Fleming, 1987), although there are no 
recent systematic levisicxis and some infonnation is availaiile only in unpublished tbeses 
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(Hudson, 1983*,BrBiliiwailB, 1984;MacMaii, 1985). Scmlh American bivalve and brnddopod 

faunas are now being systematically revised by us and some results have already been 
published O^amborenea, 1987a. 1987b, 1989, 1990; Manceflido, 1981, 1983). However, 
much remains unpublished by the authors (Damborenea 1982, 1991; Manceflido, 1978) or 
has appealed only in pieiindnafy leports (in Riocaidi et 1988» 1990a, 1990b, 1991; 
Damborenea, in press a, b; Manodiido andDamborenea, 1990; Mancpflidg IS^, MancdBido 
and Dagys, in press). 

FAUNAL COMPARISON THROUGH TIME 

A direct correlation between the New Zealand and the South American Jurassic has never 
been attempted. Instead, the stratigr^hy in each region has been related independently to the 
Eurqpean Standard Zonalion, with differing degrees of accuracy, and so presently available 
oondations suffer from die aocumulal^ dislcKtiam 

we have adopted the Global Stratigraphic Chart published by Cowie and Bassett (1989). 
Knowledge of the ammonite faunas in Argentina allows a direct correlation with the Standard 
Zones (Riccardi, 1984; Riccardi et al., 1988, 1990c). Uofoitunaieiy, this is not the case in 
New Zealand. Neverdieless, the New Zealand ammonite fiiona is rich and diverse, and its 
systematic study will certainly allow a more accurate stage by stage comparison of the two 
regions in the future. Correlation of the New Zealand Jurassic with the international zonation 
is possible only at some isolated horizons and therefwe a local system of stages has been 
developed (Marwick, 19S3b; Carter, 1974; Stevens and Speden, 1978). We beUeve that the 
correlation of the local stages could be inqnoved by reference to the distribution in Soudi 
America of some of the bivalve groups discussed below (see Table 1). 

The following stage by stage comparisoo must be regarded as pieliminary, particularly 
oonoeming the ranges hi New ^^aland of the qiedes oonsideied. Several enamplcis of 
apparently displaoed vertical ranges between the two regions have been delected. F^vdier 
worl: is necessary to inmpret their significance because the stratigraphic fiamewodc is not 
sufficiently well-known. 

HETTANGIAN - SINEMURIAN (EARLY ARATAURAN) 

Several elements of Lower Aratauran bivalve faunas horn New Zealand are present in the 
Andes, or are rqiresented in both regions by very doaely related fonns. They include the 
following: 

Palmoxytoma (PI. 1, Fig. 1) 

When fu^t described (Cox, 1961), Palmoxytoma was thought to be restricted to Europe, but 
it was already known (as Oxytoma) or was later reported fiom many other Borcal-Pacific areas, 
such as Canada (Frebold, 1957, 1966), Japan (Hayami, 1959. 1975) and Siberia (Mubodco, 
1968b). An early record of material frcMuNew Zealand, origfaially referred to as Oxytoma sp. by 
Trechmann ( 1923) and later to the type species of Palmoxytoma by Arkell ( 1 956), seems to have 
been overlooked by later authors analyzing the paleogeographic disttibution of Jurassic bivalves 
(Hallam, 1977, 1983; HMder, 1979), and so Palmoxytoma has been died as typically Boreal. 
Although this seems to be the case for later Sinonurian and Pliensbachlan times, both the New 
Zealand and the Argentinian records show that during the Hettangian-earliest Sinemurian its 
distribution included the southern circum-Facific. Although scarce, Argentinian specimens of 
Palmoxytoma sp. have been figured (Riocaidi etal., 1988, 1991; Damboenea, in press a; PI. 1, 
Fig. la here). They appear more similar to coeval New Zealand specimens fitm the South Island 
Aratauran (Pi. 1, Fig. lb) than to Boreal forms. The New Zealand species has yet to be formally 
described, de^ite the fact that it seems to be relatively abundant at certain levels, such as the 
Psikxxras beds of the Hokond YfiOs (several specimens seen OU, also personaUy ctdlo^ 
CX^iri Stream). Kfost of the New Zealand material has been IdKlkd and listed as 
in the past and so remained unrecognized. 

In Argeiuina Palmoxytoma is found in the upper Hettangian of southon Mendoza Province, 
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associated with ammoniles of the Waehneroceras - Scfalodieimia and Badouxia careHlmsig 
AmmoirilB Zones (Riccanii et al^ 1988. 1991). 

Otapiria (PI l,¥ig. 2) 

Ewly Jorasric (Tu^pff^ oonunoa and wdl 

(Stevens and Speden, 1978; Damborenea, 1980). In the Andes the genus is represented by 
two species with different biostratigraphic ranges: the older is 0. pacifica Covacevich and 
Escobar (1979) from the latest Hettangian to the early Sinemurian (PI. 1, Fig. 2a; see also 
Rlocanli et a/., 1988, 1991). This species gives its mme to a Uvalve Asseniblage Zone 
(Damborenea in Riccardi et ai, 1990a). 

As it has a finely ribbed right valve and an almost smooth left valve, Otapiria pacifica is 
very similar to, or may be even conspecific with, O. limaeformis (Zakharov) from n(»tbeastem 
USSR (Zaidiarov, 1962; PMobotico, 1968b). It is tiiereftve quite dififiefait from coeval O. 
marshalli firom New Zealand, yet somewhat reminiscent of latest Triassic (Otapirian) 0. 
dissimlis Marwick and of early Aiatauran foims from the Noith Island tiaditi(»aUy identified 
as 0. marshalli (PI. 1, Hg. 2b). 

Finely ribbed Chlamys 

Both in New Zealand and the Andes a species of finely ribbed Chlamys is found in the 
Hettangian - Early Sinemurian. This non lamellose species is allied to the group of Chlamys 
vahmensis (Defirance) (Damboienea, 1991). 

LATE SINEMURIAN - EARLY PLIENSBACHIAN aATE ARATAURAN) 

In addition to having a number of bivalves in common, similarities between New Zealand 
and Anden brachiqpods are apparent during this oilervd (see below). 

Otapiria (PI. 1, Fig. 3) 

The species 0. neuquensis Damborenea (1987b), PI. 1, Fig. 3a, is very close to the typical 
Aratauran O. marshalli Trechmann (1923), PI. 1, Fig. 3b, but Andean specimens are 
consistently smaller in size and, although they ^pear in similar fades settings, th^ are never 
so abundant as in New Zealand - New Caledonia. This species was initially known only from 
southern Neuqu6n, but it was later also found in southern Mendoza Province. Its stratigraphic 
range is from the latest Sinemurian to the earliest Pliensbadiian in Argentina (uppennost 
MiUooeiBS toI>ibariceras AmmonilB Zones, iUocaidi tfl of., 1988, 1991) snd it gives its name 
to a bivalve Assemblage Zone (DambOTenea in Riccardi et al., 1990a). In New Zealand 
Otapiria marshalli is used as an index fossil for the Aratauran Stage in the North Island, 
where ammonites are uncommon. At the type locality in the Hokonui Hills 0. marshalli does 
not appear witti the earliest Jurassic anmionilcs but a few metres above them. 

Kalentera (PI l.Fig. 4) 

Since its initial description (Marwick, 19S3b) this peculiar bivalve genus has been regarded 
as an endemic Maofian taxoo (Gcant-Madde, 1960; Hallam, 1977; Stevens and Speden, 
1978; etc.), known only from the Late Triassic and Early Jurassic locks of New Zealand - 

New Caledonia. 

The discovery of material clearly belonging to Kalentera in Lower Jurassic sediments of 
western Argentina (Damborenea, in press a, c; in Riccanii et al., 1991), PI. 1, Fig. 4a, is 
therefore of great paleobiogeographic interest. By Early Jurassic times diis group of bivalves 

seems to have been restricted to the South Pacific. The Argentine specimens are very close to 
K. mackayi Marwick (PI. 1, Fig. 4b), with only minor differences in shell proportions. The 
faunal association and inferred paleoenvironment of Argentinian localities correspond exactly 
with those recorded in New Zealand. Sliell m<Hphology suggests a supafidal ii^unal mode 
of life for Kalentera species. Type and stability of substrate seem to have been significant 
Caclcws controlling their distribution. As in New Zealand, the associated fauna is dominated 
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by shallow burrowers and cpifaunal bivalves, such as Grammatodon costulatus (Leanza), 
Otqpiria neuquensis Damboienea, Palaeonucula n. sp., pectinids, limids and amnKMioids. 
Gmt-Madde (1960) envisageda'Malively flat areaof the sublitttnlzoneof diecoiitiiienial 
shelf wifli Mrty imifoim bolliMn oooditkiii^, tt 

Minetrigoniidae (PI. 1, Fig. 5) 

This trigoniacean family was veiy diverse in the Triassic of the Pacific- Arctic region, but 
appttendy disappeaiedfiom New Zealand at the end of the IV^^ 19Sl^.Sonie 
forms, probably representing descendants of Pacific Triassic stocks such as Maoritrigonia 
(PI. 1, Rg. 5b) and referred to the genus Myophorigonia, are known from the Early Jurassic 
of the Argentinian and Chilean Andes (Groeber, 1924; Levy, 1%7; P6rez and Reyes, 1977; 
Damboieiiea, topless a). PI. 1, Fig. Sa. The flKtlhatiiicist of the aboidantaad varied Earty 
Jurassic trigoniacean fauna of the Andes is restricted to littoral and sublittoral environments, 
with medium to coarse-grained sediments, may explain the absence (or extreme scarcity) of 
tiigoniaceans in the New Zealand Early Jurassic. The appropriate facies is not presm^ed in 
New Zealand rocks dating from diat time. This interpretalioo is an alleniative to the mass 
extinction explanation iMX)poscd by Fleming (1964 :200; 1987 :16). 

Minetrigoniidae from the Andes extend at least from late Sinemurian to late Pliensbachian 
times, represented by "Myophorigonia" neuquensis (Groeber) and its allies. The group is 
now imder reviaiwi (P6icz and Damboreoea, in pmpantioa). 

Plate 1 - Some of the Late Triassic - Evly Jumsic bivalves from New Zealand and Argentina which 
show close relationships, a: Argentinian specimens; b: New Zealand specimens. More details given in 
text All specimens x 1 and collected by the authors, except where otherwise indicated. Locality 
number data between parentheses. 

1. - Pabnoxytoma sp.; la: MLP 22253, Arroyo Malo, Rio Atuel area, Mendoza Province (M1394), 
Hettangian; lb: OU 17810 C), junction of Otapiri Stream and Taylors Creek, Hokonui Hills, (S169/ 
f45S, ooD. GnbneffX Antaonu. 

2. - 2a: Otapiria pacifica Covacevicb y Escobar, MLP 22261, Arroyo Malo, Rio Atuel area, 
Mendoza Province (M1722), Sinemurian; 2b: Otapiria cf. manhaUi (Trechmann), MLP 24871, N of 
Aratamv Point, loolfa Kawfaia coait (RlS/f8S87), Aratanran. 

3. - 3a: Otapiria neuquensis DandwNiiea, IXLJf 19997, Ptteslo Araya, Rio Atud, Meadoia Pkovinoe 
(M3S2), lower PUensbachian; 

3b: OtapMa tmhaltt (TVecfamann). MLP 24872, N face of Ben BoH, Hokonoi Ifflb (S169/f»76), 
iqpper Aratauran. 

4j~ 4a: KaUntera n. sp. Damb<»eoea, MLP 24294 ('), composile mold, Arroyo Las Chilcas, Rio 
Atud ana, Mendoza Rrovinoe (M1423X lower PlieMbadiian; 4b: JToIntfMwiiiacAiiyf Marwfcic, MLP 
24S73, internal mold, N face of Ben Bolt, Hokonui Hills (S169/f676), upper Aratauran. 

5. - 5a: "Myophorigonia" neuquensis (Groeber), MLP 24324 (') (holotype), Puruv^ Pehu6n, upper 
Catan Lil river, Neuqu^n Province (coll. P. Groeber), Pliensbachian; Sb: Maoritrigonia sp., AU S76 = 
L 3829, extend mold. S of Afitaura Point, south lCawhiacoa«t(RlS/f8833, coll. Claridge), Otapirian. 

6. - "Camptochlamys" wunschae (Marwick); latex casts.; 6a: MLP 23658 ('), Arroyo Nireco, 
Neuqu^n Province (M1362), Pliensbacbian; 6b: NZGS TM 2406 C) (bolotypeX Wyndbam Rapids. 
SoalfalHMi (8178/1490^ coO. P. Wnuch). Uraroan. 

7. - 7a: Plicatula (Harpax) rapa Bayle & Coquand, MLP 19643, X2, Arroyo Sermcho, Mendoza 
Province (M1316); MLP 20687-a. Arroyo Nireco, Neuqu^n Province (M1362), Pliensbachian; 

7b: PUeahia (Harpax) cf. rapa Bayle ft Coquand, OU 14943 and 14947. X2; internal and external 
llKddl. Heale Ridge, right slope of Otapiri Valley (E49. coll. D. MacFarlan), Uiuroan. 

8. - 8a:Ao/>moneci»co<0radk>efwu(Weava),MI^ 

Ftovinoe (Ml 12), PHenebadiian: 8b: Kofymometes ? sp , OU 14289. ConKal HiU, left slope of Otapiri 

VaOqr (S169/f860, coll. D. MacFarlan), Ururoan; internal molds. 

9. - Gervillia (CuUriopsis) sp., 9a; MLP 16386, x 2, Cerro Roth, Piedra PinUda, Neuqu^n Province 
(M104), Pliensbachian; 9b: OU 14942, Heale Ridge, right slope of Otapiri Valley (£49. coll. D. 
MacFarlan), Ururoan; intenud mdda. 

(') Casts at AU also. 
C) Casts at MLP also. 
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"Spinferina" ongleyi Marwick (PI. 2, Fig. 1-3) 

Andean material from late Sinemurian beds of western Argentina (Mancefiido, 1990; 
Riccardi et al., 1991) most closely resembles this characteristic species of the Aratauran of 
the South Isl^ (Marwidc, 1953b). A redescriptioo of the New Zealand f(Mm is being jointly 
aDdertaken widi Prof. J J). Qnupbell. It has been suggesied by Wriglit and Campbell (1990) 
that Marwick' s species may have evolved from the Otapirian (f(haBdm)MaUzeUakawhimia 
(Tiechmaim, 1923), the two lepreseDting a single linei^e. 

Furdrhynchia (R 2, Hg. 4-S) 

This genus is widespread although qxxadic in early Jurassic deposits throughout Europe, 
western North America, Japan, Indonesia, New Zealand (Trechmann, 1923; MacFarlan, 
1985. 1990; Ager and Sun, 1988) and Argentina (ManceOido, 1978. 1990. in Mancefiido and 
Dagys, in press). Earliest occuntnces in the lower Aiataman (piobably as oM as Hrtlangiwi) 
of the Otapiri valley are followed in New Zealand by records up into the M^pex Uniroan 
(Toarcian) of the Kawhia syncline and include two successive different species. The 
Argentinian early Pliensbachian material identified as Furcirhynchia sp. (PL 2, Fig. 4a) is 
broad and depreawd and more aUn 10 the Aiaunm species (n. 2, Fig. 4b) than 
everted Uraroon one (PL % Hg. Sb). 

PLIENSBACHIAN (EARLY URUROAN) 

Tiris time interval is madced by an ^parent increase Ml die similarity between Sou^ 
Nbw Zedand fiuiias, and the pie-i>acO''c0Ciew 

two regions have several dements in common. However, the diagnostic Ururoan bivalve 
Pseudaucelta marshaUi Cltechmain) appears to be absent from the Andes. Conversely, one of 
ttie cxunmrwiftf P W e nsh ar hia n Andean pecdnaoeans, presently refened to Kofymonectes (PI. 1. 
I^8a)^ may be pooriyrqrescntcd in New Zealand, as linuied material is ava 1, Fig. 8b). 

Some faunal associations found in both regions are almost identical to the species level. 
Ibey include certain pteriaceans, such as GerviUia (Cubriopsis) sp. (PL 1, Fig. 9), in addition 
to die taxa dbcnssed below. 

Plate 2 - Some of the Lower Jurassic brachiopods from New 2^ aland and Argentina which show close 
lelatioiiships. a: ArgeDtiniaa specimens; b: New Zealand specimens. More details given in texL All 
apedmeng x 1.S nd cdfeded by the ndion, exoqit where odMrwise indicated. Lonlity nunber data 

between parentheses. 

1-3.- la. 2a. 3a: "Spirtferina " cf. ongleyi Marwick. MLP 24483 (>X 24482 ('), 24481; Arroyo Las 
Chilcaa. River Atuel area. Mendoza Ptovinoe (M1419). uppeimoft Sinemurian; 

lb, 2b, 3b: "Spinferina" ongleyi Marwick, MLP 24875, W face of Ben Bolt, opposite Harrington 
Bridge, Hokonui Hills (JDC4069). Aratauran; MLP 24876. N face of Ben Bolt, Hokonui Hills (S169/ 
f676), upper Aratauran. 

4-S.- 4a: Furcirhynchia sp., MLP 2441S. Roadside k> SaBiod, Piedn Pfntada ana, Neuqudn Piovinoe 

(coll. A. Leanza), Pliensbachian; 

4b: Furcirhynchia sp., MLP 24877, x 2, junction of Otapih Creek and Taylors Stream, Hokonui Hills 
(S169/f45S), k>wer Aratauran; 

5b: Furcirhynchia ip., MLP 24878, x 2, N of Un«» Point, soudi Kawbia coast (N73i/XS), upper 
Ururoan. 

6-10.- 6a, 7a, 8a, 9a. 10a: "Spirifkiim" mmUa erkencit de Greg.. MLP lOOlS-h. 10015^ Canin 

Cura Creek, SW ofBayo Hill. Neuqu^n Province (coll. G. Parker), Pliensbaddao; MLP 15285, Anoyo 
La Laguna, River Los Patos area (M431), upper PlieDsl>achian; (10a x 1); 

6b. 7b. 8b. 9b. 10b: "Spirifertmt" ratHata Hector. MLP 24879-a, 24880-a. OU 04050*. Cbnieal Hin, 

left slope of Otapiri Valley (S169/f860, coll. J.D. Campbell et al.), lower Ururoan. 

U-14.- 11a, 13a. 14a: "Spinferina" cf. muensuri (Davidson), MLP 24884. 24882. 24883. 8 km S of 

Eftanda Santa babel, Neuqu^n Province (M1055). tsppet roensbaddan; x 2; 

lib, I2b, 13b, 14b: "Spinferina" cf. muensteri (David.), OU C4040, C4042, C4041, C4051, CoBieal 
Hill, kft stope of Otapiri VaUey (S169/f860, oolL J.D. CampbeU), tower UruroaD; x 3. 
(■) Casts at OU also. 
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"CamptochUunys" wunschae (Mnwick) (PL 1. Rg. 6) 

"Camptochlamys" wunschae (Marwidc, 19S3b) beUngs to a group of species known 
from the Upper Triassic to Toarcian of both Boreal and Austral Pacific margins. Upper 
Triassic forms include "C". inspecta Kiparisova (in Kiparisova et al., 1966) from Siberia and 
material ftoia Otapihan and even Otamitan of New Zealand (OU collections). During the 
PHrawharhiim tbis group indodes "C". wimxhae (Marwidc. 19S3b) in New Zealand (PL 1, 
Fig. 6b) and Argentina (Damlxxeoea, in press a, b; see PL 1, Fig. 6a]ie») and "C. proprius 
Milova (1976) in Siberia. 

It is a fairly homogeneous group, but its systematic relationships are still unclear. Although 
it is cofienily lefenwd to G»iy^ 

genus (Damborenea, in press b). Reference to Camptochlamys obscures its real relationships, 
giving rise to the view pr(qx)sed by Marwidc (19S3a) that tliis is a typical Tetbyan elemmt of 
the New Zealand fauna. 

Speciom fiKMn tiie Andes iiad been lefeired to Peeim or 
true relationships were not realised. "Camptochlamys" wunschae is known in Argentina 
from southern Mendoza to southern Neuqu^n (and probably Rio Negro) Provinces and 
ranges in age from mid to late Pliensbachian. It is found only in very fme-grained sediments, 
from maris to tuffiiceoitt siHstones, batnevCTta laminafed daik shales. This species is ioc^y 
abundant rather than widespread and seems to have been limited to very low energy but well- 
oxygenated environments. It is generally associated with a variety of limid species, commonly 
with sponge spicules but never with corals or thick-shelled epifaunal bivalves. 
"Camptochlamys" wunschae was a byssaUy attadied pectinid and sponges could liave 
provided a suitable substrate. The left valve t^en bean qrizoons (such as plicamlids, small 
oysters and serpulids) its external surface. 

PUcatida (Harpax) rapa Bayle and Coquand (PL 1, Hg. 7) 

WiOsin die coamopditan genus Plicatula several groups of spedes can be recognized. Here 
we refer this group to the subgenus Harpax which shows many shell features that distinguish it 
bom PUcatula s.s. (Damboienea, 1982, 1991). Tbe two taxa (PUcattUa and Haqxu) coexisted 
dnrii^ die eaily Jonttsic, but wUbt f/ia/pot, knoira fiK^ 
to have dissappeared shoctly a fto w a id s. Plicatula s.s. has persisted to die jnesent 

Within Harpax there is a group of late Triassic - early Jurassic species distributed in both 
Boreal and Austral regions of the Pacific (Ehunborenea, in press b). The group includes 
P.{H.) kolymica Polubodco (in Kiparisova et al., 1966; Pohibo&o. 1968a; Bychkov et at., 
1976) from the Triassic of Siberia. Pliensbachian forms comprise P. (H.) rapa Bayle and 
Coquand (1851) from Argentina (PI. 1, Fig. 7a) and Chile, P. (H.) cf. rapa from New Zealand 
(R. 1, Fig. 7b) and "H. spinosus (Sow.)" in papers by Polubotko (1968b) and Sey (1984). P. 
(H.) rapa is widesfnead in Argentina, ranging in age through most of the Plknsbachian, 
leacUng probably the eailiest Toflfcian. 

Juvenile ^jecimens of P. rapa have been observed cemented to the outer surface of other 
sheUs, mostly "Camptochlamys" wunschae and some left valves of P. rapa show xenomorphic 
sculpture (Pl 1, Fig. 6a). Tbe abundance of isolated and unaUached right valves suggests that 
diis bivalve cbaaged to a lediaing mode of life during ontogeny, pnMMy due to loss or 
destruction of the substrate shell. The range of sedunent types in which this is known to occur in 
Argentina is quite similar to that of "C. " wunschae, but P. rapa seems to be more widespread. 

The identity of the material from New Zealand is still in doubt pending revisicm, but it 
appears dMt specimens fonneriy identified merely as P(icafifJb 8^^ 
of species and may be conspedfk. Not only is the moqAotogical similarily gieat, butdao ite 
fire^ient a^soriartnn with "C". wunschae is strikingly alike. 

Limidae 

Both in the Hokonui Hills and in several Andean locaUdes, an assemblage dominated by 
liniids devekyed during the Pliensbadiian, fa both areas veiy similar species <rfi4itf<^^ 
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Pseudolimea and Plagiostoma may be found in association with "Camptochlamys" wunschae 
and Plicatula (Harpax) rapa. A recent revision of this group is available (although not 
published) for New Zealand (Braithwaite, 19S4). In contrast, large thick-shelled species of 
Cteiiojireofi aie ooiM^raoiis dements of sh^ 
Oeiiojireofi Id Ndv Zealand may be aoooo^ 

"Spir^Mna" tymida - radim plexiis (PL 2, Hg. 6-10) 

"Spiriferina" rmHata Hector has not been studied in sofiBcknt detail and only tbe 
morphology at its pedicle valve has been illustrated. It is a conspicuous element of New 
Zealand Ururoan assemblages, as indicated by collections held at OU, NZGS, AU and 
additional re-sampling (jrf. also Trechmann, 1923; Marwick, 1953b; and PI. 2, Fig. 6b-10b). 

Similar malarial is known from Late Pliensbachian deposits ot westeni Afgentina, ivbece 
it has been considered to differ subspeciflcally fiom S. tunuda (von Buch) {cf. Manceflido 
1978, 1981, 1990; Manceffido and Dagys, in press; and Pi. 2, F^. 6a-10a). but aKUCBlB 
detennination awaits the completion of cuixeot levision. 

"^rirgier^" cf. muaisteri (Davidson) (PI. 2, Hg. 11-14) 

In New Zealand, "Spiriferina" radiata is sometimes accompanied by a small but 
unmistakeable, strongly plicate spiriferinacean which is very rare and still undescribed. 
During this project, re-collection made with Prof. JX>. dlampbell has substantially increased 
tiie amocrnt of material from earliest Uraroon of the Hokoooi Hi3h and we are now able to 
make ccxnparisons with our abundant matoial of a larger size range from the Late Pliensbachian 
of western Argentina. "Spiriferina" muensteri from the Lower Jurassic of central Chile was 
mentioned but not figured at the end of the last century by Moericke (1894) and recently also 
byAger(1986). 

TOARCIAN (LATE URUROAN) 

In late Ururoan times, a number of New Zealand brachiopods (including some 
thynchonellides and tbe last qririferinaceans from die Dactylioceras beds) point to mudh 
stranger idalionsli^ with coie Tethyan elements than with Andean ones and the int)bable 
connection was via Indonesia (cf Mancefiido, in press; Mancefiido and Dagys, in press). 
Although typical elements of the Andean bivalve faunas, such as Posidonotis cancellata 
(Leanza) appear to be absent, some bivalves aiesdUcominon to bodu mostly belonging to 
cosmopolitan genem sncb as EntoUunu Oxytoma, Odamyt, PseudoUmea, Pkuromya. 

AAL£NIAN (LATEST URUROAN ?, EARLIEST lEMAIKAN ?) 

MeUagrineUa (PL 3, Rg. 1) 

Meleagrinella beds are a common feature both in the Andes and in New Zealand, as in 
other parts of the world. In both areas the European species Meleagrinella echiruita (W. 
Smith) has been cited, but they are less similar to that than to each other. 

For many decades, itae incoming ot Meleagrinella (PL 3, Fig. la) was diougbt tomaiktfae 
base of the Aalenian deposits in the Andes (Weaver, 1931). However, recent studies show 
that the Hrst ^pearance of this genus marks the base of one of the sedimentary cycles 
recognized in the area, varying in age from Toarcian to Aalenian or even Bajocian in 
difliBrent localities and usually assodaied widi ooane calcareous sandstone beds (Dand)^^ 
1991). 

In New Zealand, the incoming of Meleagrinella (PI. 3, Fig. lb) has been used to mark the 
base of the Temaikan local stage (Marwid^ 19S3b). However, Hudson (1983) regards that 
usage as unsuitable because its iiKxxning is conlrcriled by faacs dunge. 

BAJOCIAN (EARLY TEMAIKAN) 

Several elements of tlie rich Bajocian bivalve fauna from the Andes closely resemble 
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TemaOcan Wvalves. Mostof thembdcog loooanopolilangiaiiMCCeH^^ Vaugonia, 
Pleuromya, MyophoreUa, etc.) but a few are distinctive enough to be commented vspaa here. 

Propeamussium (PL 3, Fig. 2) 

A group of apedes <rf Propeamussium, characterized by small size and stitx^ extenal 

ribbing of the left valve, is known from several places, including the Andes and New 
Zealand. In both regions they have been thought to differ sufficiently from other 
Propeamussium to be described as distinct species, and have beta called Variamussium 
ckunosseum Marwidt (1953b) in New Zealand (pL 3, Hg. 2b) and Pecten aiuSam Tomqoist 
(1898) in Argentina (PI. 3, Fig. 2a). Also similar is P. geelvinki Skwaiko (1974) from the 
Lower Bajocian of western AustraUa. A Propeamussium andium bivalve Assemblage Zone 
has been proposed (Dambocenea, in press c) for the Andean Bajocian, whereas P. clamosseum 
seems to have a knger vertical nnge» readiing the qiper Tenudlcan in New Zealand (<^. 
Westennann and Hudson, 1991). 

Retroceramus (PL 3, Fig. 3, 4) 

The succession and distribution (tf Middle Jurassic inoceranid species in New Zealand aie 
oomidex, and understanding ttiem has been inhibited by sevo^ problons, sudi as the poor 

preservation of most of the material, inadequate knowledge of their intraspecific variation 
and the occurrence of intermediate forms. Associated anunonites are scarce and yet to be 
adequately described. By for die most accurately dated success of Middle Juiassic 
inocaamid species in the southern Hemisphere is that from Argentina, where the succession 
bas a well studied ammonite zonation (see Riccardi et al, 1990c). Argentina can therefore 
assist in understanding other regions (Damborenea, 1990) such as New Zealand, since the 
Andean and New Zealkid successions liave some Retroceramus species in common. 

Plate 3 - Some of tiw Kfiddle Jwanie bivdvei fiom New Zealand and Argentina which Aow doie 
relationdiips. a: Argentinian specimens; b: New Zealand apecimens. More details given in text. All 
Mpedm&OB X 1 aod collected by the authors, except wlwie otherwise indicated. Locality number data 
between pareodieaet. 

1. - MeUagrmeOa cf. edUnaUi (Smith); la: MLP 24874, Badaa Blancaa, Mmdoza Rtovinoe 
(M289), Aalenian; 

lb: AU 9228 « L 3830, Pbmarangei Road. Herangi Range, (RI6/fl IS. coll. N. Hudson). Temaikan. 

2. - 2a:ProjM<niittS<iaMamfim(Toniqiilst),A^ 

(M 154), Bajocian; 

2b: Propeamussium clamosseum (Marwick), AU 1 1429 =L 383 1, x 2, Te Wbakapatiki Stream, above 
junction with AwaUno river, Mdx)enui (R17/fS66, coll. N. HudsonX IVP^ Temaikan. 

3. - 3a: Retroceramus aff incofu/i/itf(ManndEXMIP2337S, AgiiidadekMula,SkrrBdeRey^ 
Mendoza Province (M218), Bajocian; 

3b: Retncenmus inamdkm (MarwidcX OU 16404, Undem Ifills Quarry, Marokopa Valley (cott. D. 
MadManX Temailcan. 

4. - 4a: Retroceramus cf. manvicki (Speden), MLP 23372, Chacay Melehue, Neuqute Province 
(M1496), upper Bajocian; 

4b: Retroceramus manvicki (Speden). AU 12155, Opooatia CUff, Port Waitcato area (R13/I213. coll. I. 

Grant-Mackie & G. Westennann), Temaikan. 

5. - 5a: Retroceramus patagonicus (Philipfri), MLP 23384 ('), Chacay Melehue, Neuqu^n Province 
(M 1507), aiper Battaonian; 

5b: Retroceramus cf. patagonicus (Philippi), AU 11583 = L 3828, SE end of Oraka Bay, Totan 
Peninsula, Kawbia Harbour, (R17/f219, coll. N. Hudson et al.), Oraka Sandstone. 

6. - Retroceramus stehni Damborenea, 6a: CFBA 7392 (origtaal at Buenos Aires Univendty, *), 

Chacay Melehue, Neuqudn Province (coll. J. Keidel), lower Callovian; 

6b: AU 1 1442 = L 3832, Awakino river, above junction wiUi Te Wbakapatiki Stream, Maboenui (R17/ 
1376. ooD. N. HndsonX KUdii Group. 

C) Casts at AU also. 
O Casts at MLP also. 
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Retroceramus uiamditus (Marwidc, 1953b) is preaoit in die lower Temailani of New k 

Zealand (PI. 3, Fig. 3b), and the poorly known early Bajocian R. ? sp. (Damborenea, 1990) I 

from Argentina (PI. 3, Fig. 3a) is closely related. They are followed by Retroceramus s 

marwicki (Speden, 1970) in both regions. This easily recognizable species is found abundantly ! 

in upper TcnudlQm beds of die Sondi and Nordi Isinds (PL 3, Hg. 4b). Aldioagli die I 

Argentinian specimens were referred to as cf. marwicki (Damborenea, 1990; see also PI. 3, i 



Hg. 4a here), we consider, after our examination of material from both regions, synonymy of 
the two forms to be almost certain. In the Andes this species was found in upper Bajodan 
beds at die Rotnndum Ammoniie Zone, bdow die inooming of Retroceramus patagoniciu 
(Philippi) and dianicterizes a bivalve Assmblage Zone (Damborenea, in press c). 

Retroceramus marwicki belongs to the group of R. lucifer (Eichwald) which lived during 
the early Bajocian in Arctic regicms (Imlay, 1955; Polubotko, i968b). This, and the age (also 
Bajocian) of die material horn die Andes, suggest die need to axQast die age of die marwicki- 
bearing Temaikan in New Zealand, wtiicli lias been rdierred to the Callovian, or Bathonian - 
Callovian, on die basis of pfeliminaiy ammoniie identificarions (Stevens and Speden, 1978). 

BATHONIAN - CALLOVIAN (LATE TEMAIKAN - EARLY HEIERIAN 7) 

Retroceramus (PI. 3, Fig. 5, 6) 

The recent description (Damborenea, 1990) of a Bathonian - Callovian lineage of 
Retroceramus species from Argentina, which had previously been referred to R. galoi (in 
Sldni, 1923; see also Cok et ai., 1969), may help ns lo understand similar fixms bom New 
Zedand wliidi had either been likewise refierred to R. galoi or had remained nndescribed. 
The presence of strongly folded Retroceramus below typical R. galoi was recognized by 
Hudson (1983: 83-86; see also Westennann and Hudson, 1991: 690). Tbe identity of these 
fbnns is paiticnlarly important in New Zealand, since the faicoming of R. galoi maris die 
base of the Heterian local stage. 

The description of Inoceramus patagonicus by Philippi (1899) has been overlooked by 
later authors. The analysis of topotypic material shows that this is a distinct taxon (Damborenea, 

1990) , characterized by only slightly prosogyrous umbones, long ligamental area and 
ornamented by regularly qiaoBd, nanow oonoenlric folds sepaialed by intervals n|> to twice 
as wide (PI. 3, Hg. 5a). The Argentinian specimens are associated with a rich anunonite 
fauna of the Steinmanni Zone and the Retroceramus patagonicus bivalve Assemblage Zone 
(I>amborenea, in press c) is thus late BattKHiian in age. Some New Zealand specimens 
ooUecled by N. Hudson (PI. 3, Fig. Sb) fion locaUdes of die WaOcato. Kawliia and AwaUno 
areas {cf. Westermann and Hudson, 1991) do seem to belong to this group rather than to the 
younger R. galoi. The true identity of this and similar material fnxn New Zealand, such as 
Inoceramus n. sp. from Loc. 613 in Purser (1961: 28), is vital to the understanding of the 
basic stnitign4)hy(^ the region, because if tfa^ are referred to it gotoi as has been common 
up to now, the beds should be referred to the Heterian (by definition). On the other hand, if 
tliey are referable to R. patagonicus as proposed here, the beds would still be included in the 
Temaikan, since true R. galoi only appears much later in the sequence. At the type locality of 
bodi stages (KawUa Harbour), late Temaikan as presently wderMood is predominate 
rqxesented by ^parmdy non-marine dqx>sits, and a very careful reassessmem (tf the 
stratigraphy of other areas with a more complete marine succession of this age is necessary. 
For instance, the Awakino area has yiekled "Retroceramus (R.) n. sp. AaS.R. galoi ' and 
recently deacribed ammoniles. The latter confimi dose lies to species Horn die latest 
Bathonian Steinmanni Standard Zone of the Andean ftovinoe** (Westennann and Hudson, 

1991) . 

In the Andes R. patagonicus is followed by Retroceramus stehni Damborenea (1990), 
cfaanKlBih»d by large shells onainented by sfaiaip concentric folds whidi beooine lowe^ 
fade out dorsally (PL 3, Hg. 6a). This species (Pi. 3, Fig. 6b) has also been found in New 
Zealand below die appeaianoe of typical and abundant JZ. galoi by Hudson (1983) and, as 
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Retroceramus (R.) n. sp. B, has just been mentioned by Westennann and Huds(Hi (1991). In 
Argentina and Chile the R. stehni bivalve Assemblage Zone (Damborenea, in press c) 
extends £rom tbe latest Batbonian (uppennost Geithi Ammonite Horizcm) to the early 
Cdkyvian Oower Bodenbeoderi Ammoiiite 25one). It b worth pdnting out that tfie aocuiaie 
dating of "X. n. sp. B" from New Zealand (Westennann and Hudson, 1991) seems to be 
dependent on preliminary determinations of ammonites from the middle Oraka Formation, 
which deserve further study on more and better (Heserved material in view of the C^aUovian 
age suggested by inoccfflmidn (here) and dinoflagellates (Helby et oL, 1988). 

There is strong nmplialogicai evidence, suf^rted by the stradgr^ic distribution of 
each species, that R. patagonicus and R. stehni from the Andes belong to a single evolutionary 
lineage (Damborenea, 1990), equivalent to the clade observed in the group of R. bulunensis 

- R vagti (Koshelkina) during the late Bajocian - Bathonian of Arctic regions (Polubotko 
and Repin. 1988). 

OXFORDIAN - TITHONIAN (HETERIAN - PUAROAN) 

Retroceramus (PL 4, Hg. 1) 

The Oxfordian and Kimmeridgian deposits from the Neuqu6n Basin in Argentina ate 
generally poorly fossiliferous and in part non-marine. Nevertheless, a species of Retroceramus 
very close to the type specimen of R. galoi (Boehm, 1907) has recendy been figured 
(Damborenea, 1990) from probably upper Ollovian beds fai Neuqu6n (PL 4, Fig. la). Isk the 
Sula Islands R. galoi appears in beds of probable Oxfcx-dian age (Boehm, 1907; Westamann 
et al., 1978) which overlie a Bathonian - early Callovian ammonite fauna (Westermann and 
Callomon, 1988). In New Zealand the Hrst appearance of R. galoi defines the base of the 
Ifelcfian Stage, which is tiadilioudly r^Biied to the early lammefidgian (see Stevoi and 
Speden, 1978). On a regional scale, an inoceramid biozone bawd on R. galoi (Crame, 1982) 
was referred to the TEarly Kimmeridgian - Tithonian. Some recent authors consider that R. 
galoi could range down into the late Callovian (Grant-Mackie et al., 1986; HudscHi et al., 
1987; Helby et al., 1988). The issue is fiiither complicated by die coofiision between R. 
patagonicus and R. galoi (see above) and so needs very careful consideration. Nevertheless, 
even if the name R. galoi is restricted to the forms which appear above R. stehni, the base of 
the Heterian is iMt>bably older than Kimmeridgian and could be sited somewhere in Callovian 

- Oxfoixfian times. The ammonite fiiana ^idi accompanies these inooeramids m New 
Zealand has not yet been revised, but dinoriagellatcs of Captain King's SheHbed and 
Ohineruru Formation indicate at least an Oxfordian age (Helby et al., 1988). 

Upper Jurassic deposits are well developed in the Magallanes basin of southern Argentina 
and Qiile and the presence of R. cf. haasti (Hochstetter) was menticHied by Fuenzalida and 
Covaoevich (1968). lliis material, seen leoentty by 08 in Santiago de Cldle, is cedaiidy 
similar to large specimens of the New 2^and species and is associated with ammonites of 
probable Kimmeridgian age. In New Zealand the appearance of R. haasti defines the base of 
the Ohauan local stage, referred to the Tithonian (Stevens and Speden, 1978). Oame (1982) 
recognized a Kimmeridgiai - Eariy Tithonian R. haasti inoceramid bioasne of regional 
significance. A diverse miaoplankton suite fipom the Kowhai Point Siltstone suggests a 
Kimmeridgian age (Helby et al., 1988). 

Retroceramus galoi and R. haasti are regarded as belonging to the same evolutionaiy 
lineage (Flendng and Kear, I960; Speden, 1970; SpOcli and Grant-Madde, 197Q and the 
recognition of the base of the Ohauan is sometimes obscured by the presence of intennediatB 
forms which are referred to R. cf. subhaasti (Wandel). 

The material fsoxn the Tithonian of the Magallanes Basin figured by Feruglio (1937) as 
Inoceramus cf. steinmanni Wildcens was later referred Crame (1982) to Retroceramus 
everesti (Oppel). Specimens compared widi JR. everesH are known &om tbe Puaroan stage in 
New Zealand (Marwicic, 1953b). 
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The species Otapiria masoni Marwick (19S3b) is found in Puaroan beds frwn the N(Hlh 
Island (PI. 4, Fig. 2b). Feniglio (1937) described a very similar taxon from probably 
Titbonian deposits in the Magallanes Basin as Pecten degasperii (PI. 4, Fig. 2a). Hiis species 
may belong to Otapiria and is very closely related to the New ZuSmA 0. nuaoni. Also allied 
to the latter, is a small species of Otapiria reported from Tithonian lodcs isi Akataadu Island 
aod South Sliedaod Islands, in Antaictica (Qame, 1984, 1987). 

Suchia 

Though less abundant dian in Arctic unions, Buchia species are a oonimoD element of 
New Zealand upper Jurassic faunas. The correlation of these faunas is not yet resolved, but it 
is generally agreed that in New Zealand Buchia oppeaKd later than in other regions (Li and 
(jrant-Maclde, 1988). Hie Buchia sequence in the Andes has not yet been established. 

DISCUSSION 

Our results indicate that faunal relationships between the Andean and New Zealand 
regions throughout the Jurassic were much closer than is usually acknowledged in previous 
repofis, paiticiilafly when eqnivalent pdeoeiivirowncntal seitii^ are oonqnied. 

A number of distinctive faunal elements that have hitherto been regarded as endmic to 
New 2^ealand appear instead to have attained wide distributions. By late Triassic times, 
conspicuous Maorian brachiopods (such as Clavigera) had spread to the dMean Andes. 
Giber examples are faicreasingly noticeable in early Juassic times. This knowledge 
considerably alters the usual picture of high endemism during tliat time (Fleming, 1967; 
Stevens, 1977; (jrant-Mackie, 1985) which led to the recognition of a Maorian Province 
devek^)ed in isolation. Instead, our results strengthen the view that the Maorian elements 
fomied part of a persistent Paleoaiistral Reabn (Flemtaig, 1979; Stevens, 1980; Damborenea, 
1991, in press b). In the MidiSe and Ujpper Jurassic, the inoceramid sequences whldl are 
presently well-known in Argentina show striking similarities with the New Zealand sixxession. 
That there was scxne similarity was already well known, but this study has provided the 
delaiis. Onriesalts hawe wMeamiflcalkMM, bat only ttioae strictly related to paleogcograpby 
and Uostratigrqiby will be snnmiarized below. 

Pialeogeograpliy 

Daring the Early Jurassic (Aralanm and tiraroan) most of the duraderistic taxa crfNiew 
Zealand faunas have their counterparts in certain open water "outer shelT fades in the 
aoadMin Andes (PL 1, 2). Ibe other inore littoral elements of Andean fMmas (soch as fl'lQr^ 



PIUb 4 - Some of the Late Jarasnc bivalves from New Zealand and Argentina which show dow 

relationships, a: Argentinian specimens; b: New Zealand specimens. More details given in text. 
All ipecimens x 1 except where otherwise indicated. Locality number data lietween parentheses. 

1. - la: Itetroeeramm tSt. g<doi (Boehm), MLP 19577, x 0.75, Agna de Reyes, Sieira de Reyes, 

Mendoza Province (G1213. coll. C. Gulisano). Callovian. 

lb: Retroceramus galoi (Boefam), OU 1428S, E side of Totara Peninsula, Kawhia Hartwur (coll. D.S. 
Coombs), Hetecian. 

2. - 2a: Otapiria 7 degasperii (Feniglio), rqiroduction from Fduglio, 1937, tav. 3, fig. 1 (hok>type, 
at Botogna University, IGPUB 1021X Todos k)S Santos Hill. Lago Argentino, SanU Cruz Frovinoe 
(coll. E. Feniglio), Tithonian; 

^ Olapiria masoni Marwick, NZGS TM 2389 ('). photogn^ of plaster cast (biA>typeX Maretri 
Stream, Kaawa Road, Waikato Heads, Pnaioaa (NSl/f oavegislered, colL A. Mason) . 
(>) Casts at MLP also. 
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Lopha, Cardinia, Ctenostreon, trigoniids. etc.) are not present in New Zealand and New 
Caledonia, most probably because these facies are not pieserved in tbe area. Hk only 

conspicuous element of New Zealand faunas which has not yet been found in the Andes is 
Pseudaucella, which again is a bivalve whose distribution is controlled by fades. The lack of 
approfniafe environmental settings in New Zealand may also account for some phoicnnena 
that have previously been explained in different ways; for example, the apparent absence of 
trigoniaceans in the Early Jurassic of New Zealand, formerly attributed to extinction, and 
their sudden reaj^arance in Middle Jurassic times; or the absence of cardiniids, despite tlie 
presence of closely related forms, such as Torastarte, in the Triassic of New Zealand. 

Hie observed similarities during tlie Middle JurassiG include nnmeions oo8mop(ditan 
groups and only the inoceramid sequence has been analyzed in detail iiere. This shows 
several elements in common, most of them at the species level. The distribution of (his fauna 
seems to indicate a latihxlinally distinct stock (Damborenea, 1990), similar to the upper 
Jurassic Austral faunas. 

The comparison is more difficult for Late Jurassic times because the lithofacies represented 
in each region are not equivalent. This presumably accounts for: a) the scarcity of Oxfordian 
and Kiomieridgian inoceramids in the Neuqu6n Basin; b) the scarcity of buchiids in southern 
South America. 

The similarities between the Jurassic faunas of the Murihiku tenane of New Zealand and 
those of the Andes may contribute to the discussion on the provenance of that terrane. The 
striking similarities detected (down to generic and even specific level) involve mainly 
bentlKinic otsanisms (sudi as Uvalves and btadiiopodsX in4)lying \tai diefe woe suitable 
neritic Iiabitats along tbe margins of Gondwana to aDow this remaricable degree of £aunal 
exchange. 

It could be argued by those resorting to some extreme geotectonic reconsuuctions, such as 
closure of tbe Pacific Ocean under an expanding Earth assumption (cf. Shields. 1979, fig. 1; 
Ager, 1986; Stevens, 1990, fig.l) or the much more speculative post-Jurassic atomization of 
a hypothetical Paciflca ancient continent (Nur and Ben-Avrabam, 1977, fig. 1), that the 
paleodistances separating New Zealand from South America might have been very small 
indeed. Ne vc f fl i e i ess , we fed that even within more conventional Gondwanalandreassemblies 
i<tf. QuUty, 1982, fig. 82.6; Bradshaw, 1989, fig. 4; Stevens, 1989, figs. 1-3), the paleolaUtudes 
and distances involved seem reasonable enough to account for the faunal links observed. 
Antarctica, where we might expect to find possible intermediate forms, is an important area 
for fimher research, especially since its bivalve faunas have only been analyzed 
biogeogfaphically for the late Jurassic-Cretaceous interval (Crame, 1986, 1987). 

Although no faunas fi-om the Torlesse terrane have been included in this report, it may be 
v/otih recalling that within a group of q)ecialized, cemented brachiopods such as the 
dieddeaoeans, tbe first Mesozdc representatives out^de Europe>Afirica, have only recently 
been independently discovered in undefined Mid (or Early ?) Jurassic allochtonous rods 
from the North Canterbury area (Maxwell, 1987) and in Early Jurassic deposits from west- 
central Argentina (MancefUdo and Damborenea, 1990). Although specimens from the two 
areas do not appear strictly comparable in detail, it is interesting that they belong to a group 
usually regarded as indicating wann-tempeiaiB waters, dimly lit habiiats, specially of reef 
environments. This stresses the presence of Tethyan affinities as pointed out by Grant- 
Mackie (1985) and Stevens (1989. 1990). 

Bilwiraligraphy 

A correlation chart for the Jurassic of both regions based on their bivalve faunas is ofifered 
here (Table 1) in the liope of promotinig further discussion on this sui>}ect A more general 



TtUe 1 - Conelation cban oetweeo Sootb Amcrictti aud New Zcataod Jarassic faunal raoceMioof 
aooondiiig to marine Uvalvct. 
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^proach to a circum-Paciflc correlation has been compiled by Damborenea (in press c and in 
Damborenea et al, in im^ss). From a biostratigraphical point of view, the faunal elements in 
common between the New Zealand and Andean Jurassic add to tlie debate on the problem of 
the worldwide conelatkm of New Zealand Jurassic local siagn, wfaidi are mostly based on 

bivalves. 

This is best exemplified for the Lower and Middle Jurassic. In the Lower Jurassic there are 
many species in ammion. The vertical range of these species is well-known in the Andes 
(Damborenea in Rtecaidi et al., 1990b). AttboDgh we ooold expect slight dififerenoes firom 
one regicHi to the other according to the different taxa invdved, we bdieve these are not 
significant, whereas the similarities allow a relatively sound ba^ Cor condalian with the 
international Stages (see Table 1). 

In the MiddleAJpper Jurassic the existence of successive lineages {R. patagonicus - R. 
stehnihckmsaidR.galoi-R.haastiabow)l3asitepeat 

known to occur at least in South America and in New Zealand. Extreme caution must be 
taken when referring fragmentary material to any of the species involved from these and 
other intermediate regions. Biogeographic, evolutionary and taxonomic graeralizations must 
be limited to reasonaUy well preserved nutteriaL From the New Zealand point of view, 
awareness of this fact will greatly assist in understanding the stratigraphy of Middle and 
Upper Jurassic deposits. It is especially relevant to the question of definition and correlation 
of the Temaikan - Heterian boundary. 
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Greenhouse gas contributions from coal mining in Australia 
and New Zealand 

B3. B«MiM|i and WX Vaiiot> 



nme impoftint goes oommonly araocitted widi ood mining, Le. mtOaat (CH4). 
carbon dioxide (COj) and carbon monoxide (CO), are recognised as greenhouse gases. 
In greenhouse gas inventories, estimates of the volume of these gases released by coal 
mining, particularly methane, appear to be grossly miscalculated. In 1988, 0.8 Mt of 
undergKNUid ooal WM mined in New Zealand, emitting 12 Gg of mediane. In Austraiia 
in the same year, two longwall operations emitted 74.3 Gg of methane. Metliane from 
coalseams as an energy resource is being under-utilised. 

Key¥mdi: coal minmg, goi tmUtkii, gneHkauM gaits 
INTRODUCnON 

Gas emissions from nndergrouDd coal mines have been widely lesearcbed finom Ibe view 
of safety and productivity (Battino etai, 1988; Tlungerfordera/., 1988). Methane production 
from coaLseams as an energy resource is also increasingly being examined (Battino et ai, 
1989; Kuuskraa and Brandenburg, 1989). At some coal mines these two aspects are treated in 
tandan, 10 die benefU of die miM opeiBlon. Moit leoen^ 

wmkrfntif fitom coal mining as contributions to the production of greenhouse gases, and 
various estimates have been made as to the volumes involved (Shephard et ai, 1982; 
Peannan and Fraser, 1988; Smith, 1989). Global and local inventories of carbon dioxide, 
mediaiie and caibon moncntide attiftutalde to coal mining have been based on: (a) material 
budget analysis for release of CH4, calculated from tonnes mined and average methane 
xx)ntent of the coal (Bams and Edmonds, 1990X and (b) combustion of coal, e<piating to the 
release of CO2 and CO. 

The material budget analysis overslnqilifies the release of CH4 from coal mining, and 
leads to important errors in both global and local inventories. The following discussion 
reveals the ccxnplex nature of coalseam gas emissioDS, which must be coDsideied whoi 
producing gas inventories from coal mining. 

RESULTS 

Actual gas release mechanisms bom coal are multi-phase (Saghafi, 1989; Harpalani and 
McPheisoD, 1986; Smith and Williams, 1984), and do not fit standard gas reservoir engineering 
dieories. The gas ootfent of die coalseam being walked is only one &clor controlling gas 
emission httomlne woridngs. Gas from adjacent seams and stiata also migiaies to thecunenl 
woridngs, attracted by the destressing of the surrounding strata, while gas continually escapes 
into the woiicings from the exposed coal surfaces of the mine roadways. Finally, gas from the 
mined coal fragments is liberated at their broken suifaoes. Gas from all diese soutrces is released 
hMo die ventilation, which contains significandy move gas dian staled in die gas fmisAn 
estimate obtaned from the gas content of the seam being woiked and tonnes inined. 
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Table 1 - Methane emissions from Australian longwall operations 



Collkty Annual In-situ gas Material budget Actual methane 
production(Mt) content (mV*)* enuation estimate (Ogyr"^) cnuBsio n (Ggyr*) 

Appin 1.30 15 13.9 55.7 
Pacific 078 5 2^8 18.6 

* linV^ = 0.714 kgr^CH4 



An additional source of gas emissira from coal mining is the process of coal oxidation. 
Mine roadways are subject to this process as soon as the coal is exposed to die ventiladng 

airstream. The result is the esc^ of CO and CO2 into the exhaust ventilation. The emission 
of gas from (^ncast mining is not considered here, but would usually be negligU)Le as the 
coal mined is close to the surface and has already been degassed. 

Australian coUiMiet 

Two examples are presented in Table 1, based on published data from Battino et al. 
(1988). Both mines are operating high production Icmgwall faces. Mining method, and moK, 
impoftantly prodoclioii late, play an important nde in goveming the di£ferenoe between 
acdial and estimaled missions frran matmal budget analysis. In the exan4>les piesenied, the 
material budget approach would have yielded gas emission estimates for Appin Colliery and 
Pacific Colliery of 1/4 and 1/7 of the actual emission, respectively. These values are similar 
to those from coal mines in the United States of America (Kissell et al, 1973). 

The composition of coalseam gas is daminaDdy meUume, but may also indnde caibon 
dioxide (Lama, 1988). At Tahmocw Colliery, New South Wales, Australia, seam gas is 
composed of variable mixtures of CO2/CH4 (Williams et al. , 1986). At No. 2 Mine, Collinsville, 
Queensland, Australia the seam gas is pr^ominantly CO2 (greater than 95% Beamish et al., 
1985). Gieenliouse gas inventories do not consider tiie extn quantities of CQ2 product 
mixed seam gas (and conveisely, tiie reduced CII4 content). 

New Zealand coUcries 

Most of New Zealand's underground coal production is from low rank (sub-bituminous) 

coals, whose gas contents are not high (0-^ mVt) ccnnpaied with overseas coals. The 
dominant seam gas is methane, with minor proportions of carbon dioxide in some areas. 
Underground coal production rates are low, and the actual gas emissions are substantially 
higher dian predicted by material budget analyses. 

Curi (1978) reviewed work by Noock (197(9^ which Ulnstratcd that there is a relationshqi 
between production rate of West German underground coal mines and the acnjal methane 
emissions, variable according to gas content. Mine gas emission data for New Zealand coal 
mines (Beamish and Vance, 1990a) are presented in a similar fonn in Fig. 1. Hie diagram 
illustrates the erra- mtroduced by aooqiting the assumptions of a material budget analysis 
when predicting methane emissions firom coal mining, particularly at low production rates. 
Coal production (rem New Zealand underground minii^ in 1988 was 0.8 Ml The estimated 
emission of mediane, ushig die rates from Hg. 1, totalled 12 Gg (Table 2). 

The estimated emission of 12 Gg (0.009 x 10^ tonnes is witiiin the recent range quoted 
by Hollinger and Hunt (1990), (0.004-0.012 x 10* tonnes C) and is similar to the result 
obtained by Lassey et al. (1990) (16 Gg), later revised to 5.9 Gg in the light of data presented 
by Bans andBdmonds (1990) (K JtXassey, personal communication, 1990). The methodology 
of obtaining these values is, however, con^pletdy different This study uses actual mine 
emission data from operating underground mines, rather than the pxnluct of multiplying New 
Zealands total coal production by a gas content factor. The latter gives equal weightiug to 
both opencast and underground production, which is very misleading. 
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NEW ZEAIAND MINE GAS EMISSIONS 
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Rg. l.-Ou emisRioii data ftom New Zealand coal mines (after Beamisb and Vance, 1990a). 
CONCLUSIONS 

While the {vocess of coal oxidation contributes only a minor component of the overall 
CO2 and CO released by coal mining, it is still important to quantify this source. The CH4 
contribution is more significant, as it is commonly recognised that most methane budgets 
DDdeiestimate pixxluction frcHn fossil fuel sources CPBarman aod Eraser, 1988; Lowe et aL, 
1988; Sacfcett and Bariwr, 1988). The sources of gas emissions oudined here could weO 
account for part of this discrepancy. Also, the common use of the same material budget 
approach in methane inventories for both opencast and underground coal production is not 
valid. Recognition of these specific greenhouse gas contributions is necessary before any 
fxdicy can be fbnnulated for ledudions in eniissif»s firom coal mining. 

New Zealands' contribution to the total global greenhouse gases derived from coal mining 
are low compared with those of other countries. Methane from New Zealand coal mining in 
1988 totalled 12 Gg, estimated from data on mine gas emissions. Actual data from two 
Auslfaiian kngwall operations totalled 74.3 Gg of metiiane emitted fiom one yeai's ooal 
production. Australia has 17 active longwall operations , and several of them employ gas 
drainage techniques to reduce emissions into the workings. The methane contribution from 
all Australian underground operations requires accurate assessment, if government is to 
achieve its aim of ledudng national levels (rfgreenlwuse gas emissions. 



Table 2 -Estimated metiiane emissions fiom New Zealand coal mining opeiations 



Coalrank 1988 underground production (kt) 


Methane emission (Gg) 


Bituminous 125 


4.41 


Sub-bituminous 655 


7.93 


Total 780 


1134 
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Ibere is increasing concon over greenhouse gas emissions and tikeir effiscts, so it is 
impoitant to pursue the utilisation of methane from coalseams. This non-renewable enei^ 
resource {xovides a cleaner and nKM:e efiicieDt fuel. Methane faxa. coalseams has been 
GODsidered in die past as a safely HdrfHtyt and now more leoe^^ 
it can be con v erted into an asset 
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CORRECTION 



liHlie|MperbyltL.BriaMi, "Ane w i pe c toof JtoBioofa(lBiecta:I1 «l i ^ PhDoplefidae) 

from the North Island brown kiwi", (in The Journal of the Royal Society of New Zealand, 
Volume 21, Number 4, December 1991, pp 313-322), a typesetting code denoting the male 
and female symbols was accidentally cancelled The places where these symbols were 
ioiaided to appear wm occiqiied instead by die le^^ 

Hie Royal Society legiets this eirar. 



Copyrightad material 



